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PREFACE. 



The First Edition of this work, written a few years ago 
hj the late Mr. Banister, having for some time been out of 
print, it has been considered desirable, in order to meet the 
inquiries continually being made for it, to issue a limited 
impression of another, in many parts considerably enlarged ; 
and which, it is hoped, by embracing the fullest and latest 
information, may be found acceptable, not only to the 
professional engineer, but also to the increasing numbers 
interested in gas legislation. 

The impetus given to experimental inquiry, in conse- 
quence of the operation of the various Gas Acts, has, within 
a recent period, led to the invention and adoption of several 
methods for testing the impurities of gas, as well as its pho- 
tometric power; and it is with reference to these important 
matters that the present Edition will, on examination, be 
seen to be an improvement on its predecessor. 

Its new and more prominent features comprise a minute 
description of the following apparatus, the uses of which 
are either illustrated by examples, or explained by ample 
working details : — 

The various apparatus employed for testing for ammonia 
— ^the Evans' Improved Apparatus for Testing for Sulphur — 
Dr. Letheby's Apparatus for Testing for Sulphur — ^Evans' 
Photometer — ^Dr. Letheby's Photometer, as adopted by the 
Corporation of London — Lowe's Jet Photometer — and, 
finally, Kirkham and Sugg's Self-Registering Photometer, 
in which the principle spoken of in the former edition of 
this work as a desideratum has been successfully applied. 



Tiii PBEFACS. 

The aoxiliarj instruments used with Photometers of 
any construction are, moreover, fully described ; while the 
chapters on the Standard Burner and the Standard Candle 
are particularly copious, so as to comprise all that experi* 
cnce has brought to bear with reference to them. The ^ 
variations so frequently foimd to occur when using the 
Standard Candle in conducting experiments, are shown to 
be in a great measure attributable to a defective mode of 
application; and suggestions, based on actual practice, axe 
offered, the adoption of which will ensure as great an ap- 
proximation to the truest results as the present Parliamentary 
regulations will admit of. 

To render the work of still greater utility, Seventeen 
whole-page Illustrations, in addition to the Woodcuts, have 
been introduced; while every effort has been made that, as the 
only one of the kind, it should be thoroughly practical and 
trustworthy. 

It may also be proper to state that, except where it had 
become necessary, the original text of the work has undergone 
no alteration; which circumstance will account for there being 
several passages in which the author, in giving the results of 
his own observation, has employed the personal pronoun. 

I desire, in conclusion, to tender my acknowledgments 
to Dr. Letheby and Mr. F. J. Evans, for their ready aid in 
furnishing me with many of the facts embodied in the 
work. 

AVILLIAM T. SUGG. 



ViwcEHT Works, 

Vincent Street, Westminster, S.W., 

April, 1867. 



INTRODUCTION 



Ih every large gasworks it now seems to be admitted tlmt the 
ipparatiis is not complete without a small experimental retort 
tod suitable appendages, for the purpose of analysing any rumple 
of coal, the value of which, ns a gas- producing material, thu 
nwuiger maj wish to know. In order, therefore, to asdii^t tluise 
who have not given this important subject the attention it de:^rvei«, 
I now most respectfully submit to the profession the following 
docription and method of proceeding with experimental apparatus, 
ud other instruments for the analysis of coal, so as to enable 
every engineer to determine practically, the value of any kind of 
coal sabmitted to him. In doing so, I am far from pretending to 
My that the methods here given will satisfy all the requirements 
of analytical gas chemistry, but that they are intended only to 
n^et the wants of practical gas makers, and enable them to deter- 
iiune for themselves, by actual experiment, the quantity of gas 
^ coke produced from a ton of coals, the approximate amount of 
solphar and ammonia, the hydro- carbon vapours condensable by 
bromine^ the quantity of carbonic acid and carbonic oxide gases, 
^ well as the carburetted hydrogen contained in a given volume 
^gss, and lastly, to determine the illuminating power of the gas, 
which is, after all, the most important commercial test to which 
** can be submitted. 

Instead of describing, separately, each individual instrument, 
I have thought it better to do so by going through the general 
*^ysis of a coal, in the several steps of the process by which the 
instruction and uses of each part of the apparatus will be ex- 
emplified. 

There are many sources from which illuminating gas may be 
obtained, but the principal and, indeed, only substances in general 

^ B 



SPECIFIC GRAVITY OF COAL. 

Having chosen a fair saniple of the coal, the firat thing to be 
done 13 to detei-mine its specific gravily by iiroceeding oa follows: — 
I Take a conveniently-shaped piece of coal, and, having careTully 
i a^usted the balance, 




TBUspend the coal by a horse Kan, or a single fltrnnd of silt, to tlie 

under side of the pan. Having thus ascertained ita weight •» air, 

which I will suppose to be 500 grains, immerse the coal in "^ vessel 

of distilled water, and aild as many grains to the pan fro'i which 

the piece of coal ia auspended as will just restore the l>!'l'*Qce to 

xero. Assume the weight to be 410 grains, then the original 

weight of 50O grains divided by lliia weight of 410 grains gives 

the specific gravity of the coal, which in this c^gg ^^^\d be V2l9. 

water being assumed aa I'OOO. The weight of ^y^ rf'"* ^eP""^" 

^nts the weight of a bulk of water e<iual to th^^ ^j ^j.^ coal. 



demand in this country at the present time are bituminous and 
Caunel coal. Peat and bituminous shale are sometimes used; but 
the method of analysis in all cases is nearly the same as that to 
which our attention is here more particularly to be directed. 

The following is the order in which I propose to conduct the 
analysis of a coal, viz. : — 

To ascertain its specific gravity. 

The quantity of gas it is capable of producing per ton reduced 

to tho standard tem|)orature and pressure. 

m. * 1*>f hydro-carbon vapours condensiUe by 

Tho per centage -n , . '^ 

i bromine. 

)) of carbonic oxide. 

f of sulphuretted hydrogen present in the 

'* \ foul gas. 

I) of carbonic acid ditto. 

The specific gravity of the hydro-carbon vapours condensed by 

bromine. 

The 8|>ecific gravity of the purified gas. 

Tho weight, in pounds, of the gas produced fi*om a ton of coal. 

The quantity of ammonia and sulphur compounds which may 

be pi*osent in the purified gas. 

The illuminating power. 

The quantity and value of the ammoniacal liquor and tar. 

Tho quantity and quality of the coke. 

Too much care cannot be taken in selecting a fair sample of 
tho coal to be tried; it should be clean and dry, for nothing is so 
much calculated to deceive an amateur analyst as the presence of 
moisture in the coal; and, in making a table for his own use, which 
every gas engineer should do, of the constituents of the various 
kinds of gas coal, he would be misleading himself if he did 
not take care that every sample of coal analysed was in the 
same comparatively dry state, — that is, the coals should be com- 
mercially dry. 



SPECIFIC GRAVITY CF COAL. 

Having chosen a. fair aaraple of the coal, the first tiling to be 
done is to determine its specific gravily by proceeding ns follows; — 
Take a convenlenlly-shaped piece of coal, and, having carefully 
adjusted the balance. 




suspend the coal by a boi-sc hair, or a single sirand of silk, to the 
under aide of the pan. Having thus ascertained its weight iu air, 
which I wOl suppose to he 500 grains, imtnerae the coal in a vesae! 
of distilled water, and add aa many grains to the pan from which 
, the piece of coal is suspended as ivill just restore the balance to 
»ero. Assume the weight to be 410 grains, then the original 
weight of 500 grains divided by this weight of 410 grains givea 
the specific gravity of the coal, which in this case would be r219, 
water being assumed as I'OOO. The weight of 410 grains repre- 
eents the weight of a balk of water equal to that of the coaL 

B 2 



Td pireTent anj misandersUnding, the above example is worked 
out in figures as follows: — 






410 ) 500 ( 1*219 specific giaTitj of the coal. 
410 



.900 
820 

.800 
410 



3,900 
a,G90 

.210 



Qr» sapposiog the sample* before being immersed, weighed 506 
grains, and that it requires the addition of 398 grains to restore 
the balance when weighed in water, then the 506 divided by 398 
works out thus: — 

Qndiia. GrAioa. 

398 ) 506 ( 1*271 specific graTitj of the sample. 
398 



1,080 
796 



2,840 
2,786 

. .540 
398 



142 



The foregoing wood-cut illustrates the position of the apparatus 
when in use, and consists of an ordinary balance, which should be 
raised upon a stand sufficiently high to admit of a glass jar, to 
contain water, being placed beneath, and in which the coal is to be 
immersed. The stand to which the balance is fixed, as also that 
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upon which it ruslB, have holes cut through them to alluw of the 
I hair or silk by which the coal is suspendeil being passed anil 
attached to the scale pan. 

APPARATUS USED FOR DISTILLATION, tc. 

The next operation ia the distillatian of the coal by means of 
the apparatus shown in Plate 1, of which the following is a 
description : — 

(A) is the retort of a D shape, 18 inches long from the mouth- 
piece to the back, 5 inches in diameter, and 5 inches high. Thia 
retort is made of cast-iron, |th3 of an inch thick, and capable of 
takiug at a charge 2'24 lbs. of coal, or the ttrtii^'' P<t''t ^^ ^ '*>"■ 
The heat fi-om the furnace, which is fired with coke, passes along 
the bottom of the retort, which la exposed to its direct aclioo 
through openings at the end, back again along the sides towards 
the mouth-piece, and lastly, along the top to the chimney. 

In the setting of the retort, I prefer to construct the oven en- 
tirely of fire-bricks ; but as in some establishments thia method 
might not be convenient, an iron casing, lined with fire-brick, 
may be adopted, by which means both convenience of form and 
durability are secured- 

The mouthpiece of the retort has a rising pipe attached, which 
is continued, as shown in the plate, and should not be less than 20 
feet in length. At the point (B) a stop-cock is introduced, or the 
pipe just mentioned may be turnt^d down wiih a bend into a dip- 
bos, and sealed with water, as in the ordinary hydraulic main; the 
use of these contrivances will be seen hereafter. 

The condenser (C) is of the ordinary form, and consists of 
1-inch wrought-iron pipes, of an aggregate length of about 80 feet, 
arranged vertically, and attached to a number of separate boxes, 
com muni eating with each other only by means of the perpendicular 
pipes. Each of these boxes is provided with a brass stop-cock, so 
that after the whole of the gas has passed over from the retort to 
tha gas-holder, on opening these slop-cocks, all the tar, liquor, ov 
other condensable products, may be run into a vessel to receive 
them, and by thia means the exact quantities of these constituents 
of the coal under examination are ascertained. 

The two purifiers (D and £) are square in form, and made of 



cast-iron, and provided wltli a water joint, and covers, also of cast- 
iron, Bufflcienlly heavy to retain their proper position without other 
assistance. They are each fitted with a wooden sieve, and are of 
Buch capacity as to contain in enoh vessel sufficient materials to 
purify the whole of the gas in one charge of coals. ITiey are, 
of course, adapted to receive lime, oxide of iron, or any other 
material the ex{)erimeutaltBt may wish to use as a purifying agent. 
Should the operator he desirous of analysing the foul gas, he will 
find provision is made between the condenser and purifiers for 
taking off any quantity he may desire. The apparatus is also 
famished with the necessary connections, and a bye pass-cock, so 
that foul or unpurlGed gas may pass into the goa-holder, should 
the experiment require it. 

In experimenting upon ordinary coal with the ■j-fim'^'' ?"■'"' "^ 
a ton to a charge, a 10-feet gas-holder will in general be large 
enough; but if cannel is the material operated upon, then one of 
greater she must be employed, otherwise the whole of the gas even 
from a single charge cannot he measured, unless some additional 
contrivance be used. To obviate the inconvenience attending the 
use of so large a gas-holder, a peculiar form of meter has been 
devised by Mr. Mann, the Engineer of the City of London Gas 
"Works, by means of which a lO-feet gas-holder may be made to 
answer the purpose of one of much larger capacity. This will be 
understood by reference to the plate and the following description. 

Two meters (F and G), of equal size, are fixed one on the top 
of the other. The drum shaft of each is connected in such a 
manner that one drum cannot revolve without the other. At 
the back, the inlets to both meters are connected to the same pipe. 
The outlet from the upper meter is conducted to a float of four or 
more lights, while the outlet from the lower meter is led directly 
to the gas-holder. The capacity of the meters being equal, it is 
obvious that one-half of the gas passing from the retort will be led 
away to the float, and there cousumed, while the other half goes 
forward to the gas-holder, and is there stored for further experi- 
ment. This arrangement has also the advantage, that the portion 
stored is an exact half of the whole make, both in quantity and 
quality. 

Similar meters, bearing diff'erent proportions to each other, to 
those just described, are constructed to suit the particular views 



nnd requirements of individual Dpcmlora, nnd mny be obtained 
from the mnkers. 

Upon inspecting flie lower meter, which is provided with an 
index, the quantity of gas passed can be readily ascertained. This 
amount doiililetl, or the same quantity added to that contained in 
the gns-holder, gives the total number of cubic feet produced. 

This meter is by no means an indispensuble requisite ; it is 
merely designed to remedy the inconvenience of too large a gas- 
holder, or where space or expense ta a coneiderntioii. 

The gns-holder (H) is an onlinary 10-feet gasholder, such as is 
used for testing meters, made of (in plate, and working in a east- 
iron tank. It is furnished with a cycloid and counterbalance 
weights, 30 that during the carbonization of the coal, and the 
consequent passage of gns to the holder, by u proper mljiistment 
of the weights, all unnecessary pressure may be taken off the 
retort. The scale attached to the gas-holder is so divided, that it 
shows at once, by inspection, the quantity of gas produced. In 
use, it is necessary that the tank should have sufficient water in it 
just to cover the crown of the gas-holder, bo os to ensure that the 
whole contents of the holder are displaced by the water. There 
will, however, be a few square inches left in the small chamber (I), 
into which the inlet-pipe rises, but the space is so small, and the 
quantity of air it contaios is so insignificant, that it can scarcely be 
said to affect the experiment. There is but one pipe within the 
gas-holder which serves both as inlet and outlet, the direction of 
the gas being determined by the opening and closing of the cocks 
(J, K) at the side of the gas-holder. 

The pipe (L), when in use, is connected with the photometer, 
to determine the itluminntiog power, or with such other apparatus 
as the nature of the experiment may dictate.* 



DISTILLATION OF COAL. 

Having heated the retort to tlie proper temperature, open all 

the cocks and iill the gas-holder tank with clean water to such a 

height as will just cover the crown of the gas-holder, so that when 

it is slightly raised from the bottom of the tank the surface of the 

*A jet pholomeliT (M) may be cnnnfcted, ai iIiobti in tbe drawing, to Ihe 
Dullet-pLpe Df iha miste meter (G), uliere It will be verj- HBefnl in shnwing lie 
TBci-iliuns ia tlio illuiniimllHK power of Iho gas from dlHercnt porliona of the tharge, 
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water and the edge of the crown may be exactly even ; the index 
will then point to zero. If a meter is employed, see also that it is 
supplied with water and adjusted to the proper line. 

Next, charge each purifier with the material intended to be 
used as a purifying agent, which should be sufficient to purify the 
gas produced from the coal about to be carbonized. The object 
of having two purifiers is to admit of the use of two different 
kinds of material, for instance, oxide of iron in the first, and lime 
in the second, or some other of the various materials employed for 
purification. Another reason for having this part of the ap- 
paratus in duplicate is to enable the operator to ascertain whether 
the gas made from the particular coal under examination requires 
more purification than in general. It is, however, desirable to 
make a separate experiment, with this sole object in view, when- 
ever suspicion warrants it. For this purpose the first purifier 
should be charged with a quantity of material only very slightly 
in excess of what is sufficient to purify the gas produced from 
the coal. The second should also be partially filled with an 
indefinite quantity of the same material, which, while it ensures 
the thorough purification of the gas before it enters the gas- 
holder, also indicates whether the material in the first one has 
done its duty, if not, then the inference is that the gas is 
unusually foul, or the material too inert; so that if we find upon 
examination that the material in the second purifier has become 
fouled, we may conclude that, in practice, gas made from such coal 
will entail more than the average expense for purification, 
supposing the same purifying material to be used. Of course 
these remarks apply equally to lime, oxide or other material. 

Then, having procured a fair sample of the coal, take about 
1 cwt., pound it, and pass it through a coarse sieve. From this 
mass weigh 2*24 lbs. and place them in the scoop. All the cocks, 
excepting those which interfere with the direct passage of the 
gas from the retort to the condenser, purifiers, and gas-holder, 
are now to be closed. The scoop with its contents should then 
be placed in the retort, the lid of which, previously luted 
with clay or lime, being at once secured as quickly as pos- 
sible. I would here remark, that it is necessary some care 
should be bestowed in preparing the luting so as to free it from 
any stones or lumps which would prevent the lid from fitting 



closely and making a tight joiut. Though the method of leaving 
the scoop in the retort possesses advantages thst render it in moit 
cases to be preferred, yet the ordinary one in which Ihc Rcoop it 
withdrawn can be adopted if desired. 

Immediately after the lid has been secured, a sufficient numbt-r 
of counter-balance weights should be added to the gss-lioldcr, to 
B5 to take off all pressure upon the retort, or so ajt to produce 
*' a level gauge." 

When the chaise is worked off, which will he seen whtn the 
gas-holder ceases to rise, sljut off the tnlet cock (J), and uote the 
quantity of gas conlained in the holder, which will be uliuwn by 
the scale attached. The small brass cockt at the bottom of the 
condenser should then be opened, and the tar and lienor permlltKd 
to escape into the receptucle appointed for ibem. Thc»e product! 
should be measured and the quiintitics noted. The lid may now 
be removed from the retort, and having carefully drawn the whole 
of the coke and allowed it to cool in the open air, weigh it, and 
put it on one side for further examination. 

Considering the smallness of the (luanlity of coal operated 
upon, viz., 2-24 lbs., nnd that the whole of the pipies, condenser*, 
and purifiers, are, at starting, filled with air, which would bc- 
I mised with the gas to its pn-jodice, the result of the 
first charge would not give, unless preventive measurei were 
adopted, a fair inUicotion of the illuminating power of the gas. 

i therefore suggested, that the retort should be charged wiih 
hnlf the usual quantity of coal, and the gas allowtvl to blow 
throogh, and drive out the air contained in the apparatus, he- 
proceeding with the complete e]c[ieriment. It is, however, 
preferable (after allowing the products from the first halfcliurgc 
to escape) to make three distinct ex^ierimcnts, which if carefully 
mducted upon the same kind of coal, and the average taken, a 
very close approximation to accuracy may he fairly relied upon. 

As the opei-ator may in the course of his investigation wish to 
analyse the foal gas, provision is made between the condenser and 
purifiers for taking oiFfinmpies, If, however, it is imperative that 
it should be collecte<l in the gasholder, then it cannot be too forcibly 
impressed upon him the necessity for thoroughly cleansing the whole 
of the apparatus beyond the condenser, beffljf-- in using it, as 
the want of this precaution will most mateet'* 'Hiritj^ 
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tbe gas in the next experiment. In all cases after foul gas has 
been allowed to pass through a vessel containing water, it is of the 
utmost importance that the water should be drawn off, and replaced 
with clean, before proceeding afresh. 



CORRECTION OF BULK FOR TEMPERATURE 

AND PRESSURE. 

In consequence of the extreme facility with which aeriform 
bodies are affected by variations in the temperature and pressure, 
these must always be taken into account when speaking of their 
volumes. It has therefore been customary to reduce them to what 
is called mean temperature and pressure, the mean temperature 
being 60 degrees Fahrenheit, and the mean pressure sufficient to 
balance 30 inches of mercury. This is the most convenient 
standard, and the one usually adopted, although, by Act of 
Parliament, the temperature at which the specific gravity of 
spirits is determined, and weights and measures adjusted, is 
62 degrees. 

First as to pressure : — the bulk of a given quantity of gas, or 
any aeriform body, increases or decreases inversely as the pressure. 
Suppose, for instance, it is required to know what volume 1,000 
cubic feet of gas at 29 inches barometrical pressure would occupy 
at 30 inches, then — 

standard Cubic Actual 

pressure - ^ pressure 

in Inches. '^^^' in inches. 

As 30 : 1,000 : : 29 

29 



30)29,000( 966g^ Answer. 
270 



.200 
180 

.200 
180 



20 3 



I 



n 

that is to Bay, 1,000 cubic feet Bt 29 idcIlu p 
reduced to 966$ feet at 30 inches. 

Next, as lo temperstore : Dalton and Gay I 
that 1,000 feet of air, Mrhen raited from 32° to SIT^*, «x|i«Mlcd 
37a feeti so that 1,000 fret at 32° occupied 1,375 »I 212°: tluU 
is, an iDcrease of temperature of 180° (the diScivBee betveen 212" 
and 32°) increased the volume 375 feet, or 2-063 Ceet for e^etj 
degree. If nofr 1,000 be divided by 2-083, tbe quotient will b« 
480, from which it appears that gas expaoAt rlv*'* "^ '^ TotuBe 
it occupied at 32° for every increase of oa« degree of heat. Sup- 
pose, for example, ire require to kooir what voliinK 1,000 feet «t 
70° would occupy at 60°, we mnat bear in miad llial it it Bot 
yJnth part per degree of the observed volume al 70" whkfa is to 
be deducted, but ^iutb part of the volome which 1,000 fe«t at 70* 
would occupy at 32°. Now, 480 parts at 32° beeome 4sl at 33', 
and incrense one part for every degree; so that al (iO° it woalil 
become 480 + 28=508 parts, and at 70°, 480 + 3S=3I9 parts; 
then by the following proportion, we obtain the required lolatiie : — 
As 518 : 1,000 : : SOS 



51 e)508,000f 980-7 iwtfr/y. 
4.662 



.3,600 
980-7 cubic feet then is the volume wliich 1,000 feet at "0° would 
occupy if the temperature were reduced to 60°. The foregoing 
rule is popularly expressed in the foliowiog manner: — 480 plus 
the difference between 32" and the observed temperature, is to 
480 plus the difference between 32° and the standard temperature, 
as the observed volume of the gaa is to the required volume of 
the gas. 

The late Mr. Alesander Wright, of Millbank Street, 'West- 
minster, has published a table ivith his specific gravity apparatus, 
which is exceedingly useful in reducing the volume of a gas to the 
standard temperature and pressure. This table is inserted in his 




<st my 







•^.•i 




^s*- 



UifeififtUMiBaw ^fmm^ntr the sum >il the 

*fh fc A^ 3^ J.. I^- >£^ n» rbe zmnipuiatxiHL 

ITn ^**f«^ v4 pcj<imyii» c« • iiKCfmijie die vsmsdmems 

I^MM^^w ^ c^4riBk«s*u mm»»r-->£ -tici^Tjis- rrom the coimterbalaiice 
>4* ,.;a. •> o*^ wi.^«4ft ui iKti »ct*6iiure oo the ^pis-holJer, and to the 
. ^<.%i«f% -^t^v V ^ wac^i A%»iui ^ :J*«i« at imiia-rubber tube about |th 

UKO. u^nr-^' -^ >- itjttaily tiie custom to fill the eaJiometer 
^wUA w^<**\ i«M. :iwtt :» p^tes- into it the small india-nibber tube, 
W^ ,au«^ iU .tt*J ittftuuuwiit with gj» br the dLsphicement of the 
^^,A4»4 * .Hi*.. * Ok vN4j««ijuen€« of the rapid absorptioa of the hjdro- 
v4ii>wik«5. -UJitfW*»i4» :*tt*i ojurbonic acid, bv water^ I consider it 

iMM^ sHiiWi* '^ p^«^ th« iJeJubie tube quite into the bcdb of the 
v^auiwawt^* >%iKU ailed only with atmospheric air^ and to let the 
^i*d^ biQvfc v^rf toi: :MMU^ iecoudsv 50 as^ to displace the whole of the 
.^t> lUifd tikcu to withdraw the indiaH:^bber pipe under water, 
b i^ ^-ifiKi'ttUv ^vi$di)le to till the tube about one division below 
4(ifi\^ >*^ i«< CO allow for its. Qoodeasatiou. When thus filled with 
^^ ttl*(k^ ths* <judiotti«K«r m ti» condeaser (F)> whkh is a vessel 
^ ^ ttlil^ W iNftifeaift water> aol is sofficientlj deep to 
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admit of the eudiometer being completely immersed in the liciuid. 
The effect of tliis operation is to cool the gas, and upon removing 
it, attention mu^t be directed to see tbat iLe gita is exactly at tbe 
zero point of the eudiometer, if not, some more gas must be added 
or let out, as the case may be. Some bromine water should be 
previously prepnrcd, by adding 20 to 80 drops of pure bromine to 
I ounce of distilled water, and allowing them to aland for 24 
hours, or till well incorporated. Now place tlie eudiometer in on 
upright position, as at B, and by means of a glass syringe, inject 
from half'Sn-ounce to an ounce of the bromine water, taking cure to 
co»ipfe/f/y fill the curved end of the instrument. Then cover the open 
end of the tube with the thumb, in the manner shown in the plate, 
at C 8( H, and well agitate, allowing the bromine and water to pass 
freely from one end to the other; slight red fumes will rise, which 
is the vapour of bromine, and these combine with the hydro-c«rbon 
vapours, the principle light-giving constituents of the gas. Bring 
thewatcr into contact with the thumb again; this should be done 
very gradually and carefully, so as to allow the whole of the gus 
to return to the straight part of the lubej if done suddenly it will 
be almost certain to leave a portion of gas in the short leg, which, 
when again submitted to the condenser and the thumb withdrawn, 
will escape in the form of a bubble. The consequence would be, 
that a greater condensation would be indicated by the scale than 
had actually taken place. Particular attention baring been paid 
to this part of the operation, place the hand containing the tube 
under water, remove the thumb, and let the eudiometer remain 
immersed for ten minutes to give time for the more etlecluol 
combination of the bromine with the hydro-carbons. Upou 
removing the instrument, a small quantity — say half-an-ounce to 
an ounce — of solution of caustic potash is to be added, and the 
tube agitated as before; this will condense the excess of bromine. 
The tube is then to be returned to the condenser. The liquid in 
the eudiometer containing bromine and potash, is of much higher 
specific gravity than water, it will therefore fall rapidly, and its 
place will as rapidly be taken by the clear liquid in which the tube 
is immersed. When this action has ceased, the eudiometer is to 
be withdrawn from the condenser sufficiently high to admit of the 
amount of condensation being read off from the scale attached, 
and thia reading shows the per ceutage of hydro-carbon vapours 



n* nnmntL 'vziii^u. Tsass jz^ibljv' wise. 
ifrucuKCL man diftgran: kihih a' tsmu 

Z i u*!i'Tnuiif TUt nimnnr^ ir gcmm is jiniL m loe sm^ the 
u ii uiu uoi t> ^"'HT sni umziui 3i ^ut bhiuibhbel fc* . liuNdd be 
uorcnsr- *** dr^szotti leinR. mz: TnHgfWf sc kk bromuiey 
kuuiuox. cr cauBu: laaBi 3r ai jk annuiBL ac taiie wdl 

tmrtBioiit. 

Thv quantity of tbc dzfiereci wi'iffiMim cokkc s be en^lojed 
wUi. ul' ciitiriis vary mltb tbe sac a: sat "imi i iiiibi t bflK it wHl be 
« Mih- ruin to apply aboat BuiBiiaa t tcMLmt man. i^ cf the 
luK- 

1\x iM««riiuii bow mucii carbonic oxide there k. 'dMt tnbe dionM 
|lb^ v«4Ulixl %^ ilh iram a.«« boforc, and a sohitian ai the pnHo-chlaride 
V^ oi^^^MM. noUiiltHl witli muriatic acid, shouid be added; agitate 
HtfifcftK, fttM^w tho thumb under water, and ph^e the mdiometcr in 
Uk.^ \>/mkmtic\ I^^hiu its removal, read off from the aeale the per- 

'lac- ;Ui>vc aM»tW^l at' auahfiid will apply equally to purified or 
uufMiroHMJ g4feEk, ^i with toul gas^ before going through the pro- 
r\ i Mn2 \s ¥^»(erpcu iv^ aW^vt^ thc^ ibllowing means must be adopted, in 
nMam:: Ilk.' itaveraiaj Uibe iN9rc«uui^ of carbonic acid and sulphto'etted 

■-.TK '.v*^ :^ U' ^- ilbtf^ >K\tb tKUkI £rask aud placed in the cisteA 
■L. 'jt;vw«\v.^ Li.'K sa^iK ^«^^ ifeN Y\V! v'-Wvai JMs; but instead of adding 
>:vv<Lu2*w. ;u. scaii. icmi >kiL K' Kc ammimiii, Tliis is done by 
V*'->*i^ * >tii'*' ,^a»;:r\ vv *tixuH' ^uhUiuric acid, specific gravity 
:*xv** v>wv^ >k«iA:i^s=^4 AV\ lihi' n^Huhiiu^ csmdeusation will show 
•ifc^ 'vivxuji^^. IV-i. jfcjsC ^ >kvi»fct :^Ju:u)Ki tif sul|>hate of copper, 
.la w^ .>^iiA,:ix«« iJk Tt^i^u^sPtsA i^^'4rv^^^!al. Again note the 
,v ^VN^->--^--n-^>VLM ^:k>;>£ ,^a^tK.^ A i^« ^X)S of dolotion of 
v'*.^'^ ^ _t..v u X Aw^.v*. v:Lvi >* ill jef^snaiiije the quantity 
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•'»^ -w X^, Jk.-,- .*.^s,j: v-X*;>a »*:\s.vw*n ,^2\\Sh>A K>r c^eangas. The 
VJ^^^ .V .:*;^^ .->^.v«.,i^vfcOs %2kv*ui- X* ^>!*c ib;2\^h three times, 
- — -X * -^-i^^;, •*^-u^ ^ •w^ju x^ ;;MiB4hiH,^ akXSjtr»c\ ijt the results. 

^ \v*^*4^ ,v ^ .M».ftu.-^r""-'^'- ^^ ■-»*«? X^^Jtv-<«rbott vapours in 

s- r.-- >: ***,w^x ,v^ x\u«A«; *M*i -^i*^ J^$S»«5S 1 ^J^^t not to 

,^i u, --s-.^sK uj^ j^^,i a, i, >M.^>awiK^ >«2^-Jk wia rffect this 



I sight, we should liardly expect to have this peculiar property. In 
the winter of 1860-1861, 3Ir. F. J. Evans caused a naphllia box 
to be put up at the gas-works in Horseferrj Koad, for the purposu 
of improving the illumiDatlng power of coal gas, when it was found 
that the photogenic power of the gas was very much decrcaaed 
after passing through the naphtha, b circuraslnnce wliich was at 
once attributed to the low state of the temperature, the thermometer 
at the time being below the freezing point; and, upon using naphtha 
instead of water in the eudiometer, it was found that the con- 
densation was precisely the same as with bromine. Now, although 
it is quite clear that the naphthalising of gas depends partly on 
temperature, and partly on the mere mechanical effect produced 
by the gas passing over or through the naphtha ; yet (he con- 
densation of the hydro-carbon vapours by this means does not 
seem to depend up<(n temperature at all, for, having made a grenj 
many expeiiments with the intention of setting this question at 
rest, I have invariably found that at temperatures ranging from 
* to 60° Fahrenheit, the condensation by naphtha has been 

! Identical with that by bromine, when the speciBc gravity of the 
naphtha was above '800. 

The same result may be produced by using turpentine, olive 
oil, or, in fact, any oleaginous body. Coal-tar, or pitch granulated 
with sawdust or fine sand, also effects it — the gas being allowed to 
pass through, it is deprived of its hydro-carbon easily, and also of 
the bi-sulphuret of carbon. 

It may be as well, perhaps, in this place to remark, that the 
specific gravity of the hyJro-carbon vapours condensable by bro- 
mine varies very much with the different liinila of bituminous and 
Cannel coals. Mr. Lewis Thompson states, in his treatise on the 
Chemistry of Gas Lighting, published in vols. 2 & 3 of the Journal 
of Gns L^hli'iff, that the specific gravity of the light-giving matter 
in Newcastle coal gas ranges from 280 to 3'3i and, in the table 
annexed, it will be seen that, in the Caonel coals, it ranges from 
1-21 to 2-28. 

The following results were obtained by Mr, F. J. Evans, at the 
Westminster station, and in each case three distinct experiments 
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specific gravitj of the vapour condensed by bromine. The 
specific gravitj of the gas must be first carefully ascertained in the 
waj hereafter to be described. Let us suppose it to be '752. A 
large glass vessel (E), plate 2, about 18 inches high and 4 inches 
in diameter, is provided with a well ground stop*cock at the top 
and a curved pipe at the bottom, similar to the open end of the 
eudiometers before described. This vessel is divided into 100 
parts, and has a scale engraved upon it. Having filled it with 
water, close the stop-cock and introduce the gas through the open- 
ended curved pipe ; allow the gas to pass into the vessel until the 
water line is brought down to zero ; place the eudiometer tube in 
the condenser ; put in a sufficient quantity of the bromine water, 
agitate, condense, in fact, operate exactly as when using the ordinary 
eudiometer tube, and then carefully note the scale. Suppose the 
condensation has been, as in the case of Boghead cannel gas, in 
the above table, 30 per cent. ; the pext process will be to ascertain 
the specific gravity of the gas remaining in the vessel. For this 
purpose a glass ball is provided, having a ground stop-cock, which 
at the lower part is formed into a plug in lieu of a screw, and fits 
closely into the neck of the stop-cock on the top of the vessel. 
Having balanced the ball in a delicate balance, exhaust the air out 
of it by means of an air pump, and then weigh again ; the number 
of grains required to bring the balance into equilibrium represents 
the weight of the air abstracted. Now attach the ball to the 
vessel by means of the two stop-cocks, and having immersed the 
vessel in water, open the cocks gently, and the ball will be 
immediately filled with gas. "Weigh again accurately, and the 
number of grains will represent the exact weight of the gas 
introduced into the ball. Then the weight of air abstracted is to 
the weight of gas introduced as unity is to the specific gravity of 
the gas, which in the case above referred to was '555 — the 
average of three experiments. 

We now have the following results: — 

Original specific gravity of gas "752 ; or. 

Specific gravity of 100 volumes '752 
Ditto 70 do. '555 

then 100 X -752 = 75*2 
70 X -555 = 38-90 

Specific gravity of remaining 30 parts 36-30 
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As 31 : 13 :: 1-000 

13 



31 ) 13-000 ( 419 .iiMtMT. 
12 4 



. 60 
31 



290 
279 

.11 



The speci6c gravity of the gas is therefore *419, air being taken 
at I'OOO; and as 100 cubic inches of pure and drj atmospheric 
air weigh at mean temperature and pressure 31*0117 grains, the 
weight of 100 inches of the gas can be easily determined ; for, 

As 1-000 : -419 :: 310117 

•419 



2791053 
310117 
1240468 



1(000)12-9939(023 



12-9939 Answer, 



that is, as the specific gravity of air is to the specific gravity of the 
gas, so is the weight of 100 inches of air to the weight of 100 
Inches of the gas, and from this result the weight of any quantity 
of the gas can of course be determined. 

Dr. Letheby's method of ascertaining the specific gravity of 
gas is as follows: — He uses a glass globe, of about 6 inches in 
diameter, with a double neck. The two necks are opposite each 
other, and are fitted with small caps and very small stop-cocks. 
One of the stop-cocks screws into a gas-pillar, and so supports 
the globe; the other carries a cap, with a glass tube about -^ an 
inch in diameter and 7 inches long. This tube contains a ther- 
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i.:m{/wi. vX »'.' ihivt-. Iho mMTifir pravitj of ibe ris ^ t^ct^rciHKd. 
"^v. u.^tit^\, -ko ilir «tri|;ht (if tlic globe, when t;ill oc air. u 60 
,.«..:!.. ni/.v iiiaL* i*-«i i\iuiiior|M)iMt* of the globe in its exbaosted 
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•:•; ..., '. '. .«: i\'. ; <IH>^thr specific gravity of the g^y 
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CORRECTIONS FOR MOISTURE. 

It is sometimes necessary, in making Terj delicate experiments 
on coal gas, to allow for moisture or aqueons vapour present, for 
it is a well-established fact that gas absorbs a certain quantity of 
aqueous vapour, proportional to the temperature when standing in 
the gas-holder in contact with water. Suppose a gas, for instance, 
to be saturated with moisture from the above cause, its weight, 
and therefore the determination of its specific gravity, would be 
affected to a certain extent by the quantity of moisture present, 
the vapour of water being much lighter than the gas. The weight 
of the moist gas must, therefore, be first ascertained in the manner 
described above; from this the weight of the known volume of 
aqueous vapour must be abstracted, and the remainder will repre- 
sent the weight of the dry gas. 

The following table, which is founded upon the experiments of 
Dalton and Ure, exhibits the proportions by volume of aqueous 
vapour existing in any gas standing in contact with water at the 
corresponding temperatures, and at mean barometric pressure: — 



Degrees. 
40 


Volume of 
Aqaeoiu 
Vapour. 
... 00933 


Degree& 
54 ... 


Volume of 
Aqueons 
Vapour. 
-01533 


Degrees 
68 .. 


Volume of 
Aqueous 
Vapour. 
-02406 


41 


... 00973 


55 ... 


-01586 


69 .. 


-02483 


42 


... -01013 


56 ... 


-01640 


70 .. 


-02566 


43 


... -01053 


57 ... 


-01693 


71 .. 


02653 


44 


... -01093 


58 ... 


01753 


72 ... 


-0-2740 


45 


... -01133 


59 ... 


-01810 


73 ... 


-02830 


46 


... -01173 


60 ... 


-01866 


74 . . 


-02923 


47 


... -01213 


61 ... 


-01923 


75 ... 


-03020 


48 


... -01253 


62 ... 


-01980 


76 ... 


-03120 


49 


... -01293 


63 ... 


-02050 


77 ... 


-032-20 


60 


... 01333 


64 .. 


-02120 


78 ... 


03323 


61 


... -01380 


65 ... 


-02190 


79 ... 


03423 


62 


... -01426 


66 ... 


-02260 


80 ... 


03533 


63 


... -01480 


67 ... 


-02330 







In using this table, which embraces a range of 40° Fahrenheit, 
opposite the observed temperature of the gas will be found the 
proportion in volume of aqueous vapour at a pressure of 30 
inches. This volume must be corrected to the mean temperature 
of 60°, and then deducted from the volume of the gas cor- 
rected to mean temperature and pressure ; the remainder will be 



tM TQinnia oi dry gai^ ¥ix insfamnft : aupp e ws 100 eaMc inelies 
^ gsft wagli^ in the ^a» ball befive l e fiai e J tn^ 17 grains^ tlie 
^■■■peiatore ai the tine bong 70^ and the faarraiieta' 90-2 
^"w^b^B^ by reference to the tabk, opposte TO" will be foand 
'^'^So^^ a» the portion of vaponr present at that temperature, and 
■^^^^^ X 100 = 2-566 iirchea^ the total quantity in 100 indies: 
*«• must be reduced to the mean tranperature, as brfunre ex- 
P^*med: — 

480 + 38 : 480 -h 2S : : 2566 : 2-516. 

^*^^>^ to aaeertain the TQlnma of the gas: — ^100 mdies at 70° will 
^ redueed to 98-069 indies at 60°; for 

480 + 38 : 480 + 28 : : 100 : 98069; 

*■** uua amounty corrected for pressure^ will became 96*722; £«• 

30 : 30-2 : : 98"069 : 98722; 

WMl if from 9»-722 be deducted 2-516, tiie remainder, 96*206, 

^ul repre^Qt the volume of drj gas at mean temperature and pres- 

*wr^ Now, it bas^ been ascertained, with perfect accuracy, that a 

owia inch of permanent aqueous vapour, at a temperature of OOP 

^Hi baroiaeter 30 inches, weighs 01929 grains; therefore, 2*516 

iiK>hi» iMuhiplied by 1929 will equal 4853, and this subtracted from 

1 1 gi fkiua (the whole weight) will leave 16*5147 grains — ^which will 

bt> the Wi^ight of 96*206 inches of dry gas; and, by a simple pro- 

|K>rUoii, tt will therefore be found that 100 inches of such gas at 

M»i>4ifi U»iu|K>rHture and pressure will weigh 17*165 grains. The 

^^/tl iiK»lh<xl that can be adopted to dry the gasy is to pass it 

fcKf<*uKh f% f|)H<M tubo about 24 inches long and j inch internal 

(H)iitf»<>l(>r, iWM with pieces of perfectly dry chloride of calcium, 

whl^h, Hy \u «hi;jig attraction for moisture, rapidly abstracts the 

wH(tK> %^|»«<K'iM vi»|M;ur present. The gas must not pass through 

IKn fri«S<> ^^, (|»*k^)i)yt about ten minutes being required to operate 

^>K><*v\*4^»)»y w^^^w too inches of gas. When the chloride is not 

^f^ytk^^>y (i$ii U u*^y hi> fused in a common retort, and used as 
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"The Metropolis Gas Act" of 1860 enacU, thil 1 
snpplied to the inhabitants of London 

" thai), with reapect to ili pgtiij, be » <kt Ine fcoB ■■ 

" lijdrogea ihat it tholi not diiealoHi tiiher laiiiiic 

" with acelale of lead, when ihei 

"for one nuDUli under n prt^ure o( G<e-»atiu of ui ioA tlm 

In order to detect the presence of ftmtnonia, tl is 
allow & jet of gas to blow upon a piece of tunceric i 
litmus paper, as shown in PI. 3, Fig. 1. If amnionia bepreaeal, iIm 
turmeric puper becomes of a red colour, deep or faint, Mcording to 
the quantity of the alkali contained in the gas ; and if reddened 
litmus paper be applied, it will be changed to bine in a umiUr 



The Act does not specify the rate per hour at which the gn 
should issue from the ori&ee orer which these tests should be 
applied; the consequence of lliis omission, therefore, causes a 
considerable difierencc in tlie results obtained by the various 
appointed gas testers, owing to the Intitude given to individual 
operators in the application of the test, wlilch, though strictly in 
accordance with the Act, is not sufficiently definite to admit of fair 
comparison. It is clear that tlie greater the quantity of gas, the 
greater must be the quantity of ammonia; therefore a gas which, 
issuing from an oriSce at the rate of 10 feet per bour, distinctly 
colours the test-paper, will perhaps not do so at all when discharged 
at the rate of only 2 feet per liour. This is more particularly 
evident when the gas to be tested is made to pass through a glass 
tube (Fig- 2) containing the test-papers. 

It is to be regretted that tlie metliod adopted by a few of the 
public experimentalists is not more uniformly employed. Their 
practice is to apply the lest to gas issuing from a burner, regulated 
by a governor to pass 5 cubic fuet |>cr hour (Fig. 3) — the standard 
_ quantity for testing the illuminating power. This coincides with 
the system in use by the French experimentalists, which is to cause 
the gas to issue from a burner similar to that by which the illumi- 
nating power is tested (Fig. 4). 

The instrument (Fig. 5) is used by Mr. Hugh Young at tlie 




of diese 
bat ^^^ finle or ■• waStMMm. se to Aar ^intitj. 

To ■Ki.rr.lin dbe uiwwt of aHBoaio wtoif d in m giren 
Tolmw of ^ai^ a tctj ^i fac ii ay po rMo o k reqwiate^ which consists 
of a OMtter with <fial » arraoged as to shoor aaj fMsmption &oin 
-01 op to 1,000 cubic fiect; an aaumiia tiriie with bolb, 7^ inches 
Vm^ bjr 2^ inchco ^fiaoKtov of ^^^ ^orm shown in Plate 3, Fig. 7; 
a gradnafted pipette to contain 100 grains (Fig. 8); a test mixer 
to cootatn two dcci-gallonsy ifirided into 100 parts (Fig. 9); a deci- 
galkm bottle (Fig. 10); an hjdromet^r (Fig. 11); a graduated tube 
(Fig. 12), to hold 50 septems to moisten the fragments of glass 
eontiiiaed in the ammonia tube ; and a Molir's burette to contain a 
eenti-galloQ (Fig. 15). 

The experiment can be performed bj the aid of either oxalic 
acid, or sulphuric acid, but, if it is desired to find the quaotitj of 
ammonia at the same time, and with the same meter as that 
emplojed to determine the amount of sulphur present, then it is 
preferable to use oxalic acid, in order that the experiment for 
arresting the sulphur may in nowise be interfered with bj any 
fumei or vapours containing free sulphuric acid, which might be 
carried forward mechanically combined with the gas. Otherwise 
It if of no consequence which acid is employed. 

The flmt thing to be done is to prepare a standard solution of 

lulphurto aoid, which is performed in the following manner. Take a 

latity of anhydrous carbonate of soda as purchased from a chemist, 
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and put it into a wliile porcelain cup, or Wrdgv wood -ware crucihl*. 
Flncc it over tlie flume from n Bunsen burner till it ia red hot ; 
keep it in tliat state for n few niinutcf, nnil then allow it lo cool 
under a glass simile- The efTt^ct of lliii is to drive ofTanj' moisture 
it may contain. From tlie mass weigh 53 grains, and put lliem Into 
a deci-gallon measure (Fig. 10), filling tlie bottle up to the mark 
on tbe neck with distilled water, and this solution sercei lu uaccrtnin 
the strength of the sulphuric acid solution now to be road<^. 

Take a porcelain or glass dish large enough to hold a pint, an<l 
into it pour the deci-gallon of cnrbonate of soda solution. iJinse 
the bottle with a little distilled water, and add the washings to ihe 
bulk of the liquor in the basin. Add ii sufficient quaulilj- of tinc- 
ture of litmus to colour it distinctly blue. 

Make ^ a gallon of a solution of sulphuric acid (wlih di.itillcj 
water) of the specific gravity 1,397 (water being 1,000), as deter- 
mined by an hydrometer (Fig. 11). Measure 100 grains of this 
solution by means of the pipette (.Fig. 6), and drop them gradually 
into the blue liquor in the baain until the colour of it is changed lo 
pink. During this process the basin should be placed over a 
Bunsea burner, and its contents kept boiling, in order to expel the 
carbonic acid contained in the liquid. If, after allowing them lu 
remain boiling a short time, the blue colour of the liquid returns, 
add a little more acid, sufficient to change it to a neutral tint. 
Note the total number of fluid grains of acid, as shown by the 
pipette, which hare heeu dropped into the deci-gallon of soda 
solution. If the whole 100 grains have been used, then the acid 
is of the correct strength, and will require no further alteration; 
but if less, then its strength must be diluted in the following 



Take a two deci-gallon test mixer (Fig. 9), divided into 100 
parts, and from the ^ gallon of sulphuric acid solution before 
spoken of, fill up the mixer lo such a height that the number of 
parts in it shall equal the number of grains dropiwd from the 
pipette into the soda solution — thus: suppose the number of grains 
dropped from the pipette is 98, then the number of parts to be 
filled up in the teat mixer will be 98 also; now add sufficient 
distilled water to fill the measure up to 100 parts. Empty the 
mixer into a half-gallon vessel, and re-fill it in the manner just 
described until the whole quantity of the ocid solution be similarly 
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prevent the remoTal of any of the ammonki by the water contained 
in the meter, a result which would otherwise certainly take 
place. 

In using this apparatus, it is necessary that the consumption of 
gas should be regulated by a governor placed on the outlet of the 
meter, so as not to allow of more than from ^ to | of a foot passing 
through per hour. This will admit of about 50 feet being con- 
sumed in two days, or three experiments per week ; this quantity 
and number being generally found sufficient for such period. 

Should it, however, be desirable to test more frequently with 
50 feet of gas, then 200 grains of acid solution may be dis- 
tributed through two of the cylinders (Fig. 7) connected together as 
at (Fig. 13), and the rate of consumption be increased to one foot 
and a half per hour. 

But if greater expedition is requisite, and it becomes necessary 
to test 100 feet of gas in the course of a few hours, then a different 
arrangement, now to be described, must be resorted to. 

Fig. 14 represents a Woulfe's bottle (B), with 2 necks, which will 
hold about a pint, and is fitted with 2 glass tubes, one long enough 
to reach almost to the bottom of the bottle, and the other only just 
passing through the cork. To the last is connected, by means of 
a bent tube, an upright glass " bubbling cylinder** (C), of the form 
shown, the lower part of which above the bulb is filled with pieces 
of broken glass. A tube leads from the top of this cylinder to a 
second Woulfe's bottle with two necks (D), fitte<l with two glass 
tubes similar to the first. The second tube of the last bottle is con- 
nected to the inlet of the meter, and the first tube of the first 
bottle with the gas-supply pipe. 

The method of using this apparatus is as follows : — Pour into 
the Woulfe's bottle (B) as much distilled water as will seal the long 
tube by about 3 inches, and into the cylinder (C) enough to fill it 
up to the height of half an inch above the neck of its bulb. Add 
to the total quantity of water 100 grains of the test acid solution, 
disposed thus, 50 grains to each vessel. Connect the gas supply 
to the long tube of the bottle (B), and cause 100 feet to bubble 
through the apparatus, and for this purpose a pressure of from 
4 to 6 inches will be requisite. The empty bottle (D) is placed 
between the cylinder and the meter, in order that none of the 
liquid contained in the vessel shall be forced forward into the 



and so lost, an eflfect which would render the experiment 



With dither of these UTangements the proeess for 
the vmmnt of ammonia whkh was contained in the gas tested is 
the sanw» and exce^dingij simple. DiasolTe 5S0 grains of recentlj 
%nited anh jdroiB carbonate of soda in one decigaUon of distilled 
water i^Fl^. 10^; thoroughlj wash oat the ammonia tube or tubes, 
or the WottIB}'» butties and babbling cjlinder, and carefollj collect 
aH the wa^ingi» ta one reaseL FiE the barette (Fig. 15), which 
ia^ tEvtiiad into 17 equal parta^ sah-^Tided into lOtha, with the 
aada ^uciua; ^h»p into the vessel containing the washings 
^aliliiaaaf tn^asMa q£ Etmna to aensiblj chai^ the coloor of the 
ISi|at«i,. whiirh v^f there is^ ae these should b^ an excess of add) 
win biMoate red» and place it nnder die barette. Open the Httie 
mi^nt at the bottom of the burette, and allow the soda solution 
to awape ^wlf iitto the Teseel containing the wadiings» which 
jhiwki be kiapt fontif boi&ng^ carefiifi j stirring the while until the 
^mUmt b^ cei^aNrad to a neutral tint; when the Ik|u^ wiU haTe 
iWiiooM laeucraiiaed; then diose the valve^ and, placing the burette 
ilk a pemcti/ iprt^phr positxoa, read off the scale upon it, which 
will tttitkaie itt ;^tato& the :imount of ammonia contained in the gas 

t«i«^t«id» 

.V;todK)r uiechod of dealing with the wa^iings of the ammonia 
titb«i^ vMT sippamcu^ bs^ Qo colit^rc them in a beaker, which dhouhl be 
pi^"^ iu a :>;iQd<^Mih hetited moderatelj, until the whole is eva- 
p^jciiced to ^l^v^K^^s$« The restdue will be sulphate of iiwimo«im 
^^tt,^ ^0*^\ ^ parts^ of which contain 16 parts of ammonia. 
,tS^^--^ulttplv the weight of residue hr IS^ and <fiTide by 66; 

iht^ v^uoci^ut t^ the quantitT of ammcmia contained therein. 

^«t«^^^*^ppo;ie t^o ^^^ of gas were passed, and the w^ht 

sH' tiit^ r^ime> altt*r evaporating the washings^ is 15*o 

^t'^tiu^; thcu loo X lt> -i-66 = 3*7 grains; and as 25 

tvVi : 3*^ grHiii:> : : 100 teet : 14*8 grains — the quantity of 

cuiuttouia v.vucaiued in 100 twt^ 

\UiVh4^«\ thv* ^»>?*i^th of me solution is calculated to detect as 

^wuv^ :v< wT ^*"HiU3^ iu thx? 100 tt?et of ^as> it is not adTisable to pass 

:^^v^v ^x<»f t^><^5 quAittitv thix>u^h in one experiment, so as to avoid 

v*V iK»*Mt>4i>V* ^*^ ^^"^'^ chan^ ot <oiour taking place in Ae neutral 

Ui4Mu<». kN^H^' ^** thv* outlet «md ^>f the tube; for should this occur, it 



would be a sure indication that some of tbe ammonia lukd passed 
off withont being neotralked by the acid, and tbua render tbe 
experiment perrectly useless. 

After passing through the meter, ibe gas may be burnt or 
otherwise disposed of. 



Anothey iUlkoU of Tenl'mg for Am 



a by Oxalic Acid. 



For this purpose the following solutions arc required: — 1. A 
solution of oxalic acid, 100 seplema of wbicli are equal to 10 
grains of ammonia. 2. A solution of ammonia, of which 100 
septems contain 1 grain of ammonia. 3. Tincture of heinatine. 

The I»'o first solulmna mn.r be kepi id nel! sinppcnd loiitri fur a 

The process ia as follows: — 

Take two ammonia tubes, filled with small pieces of broken 
gloss, as shown in Fig. 13, and carefully pour into each in the 
manner described on page 26, 50 septems (Fig. 12), of the oxalic 
ncid solution, 

Connect the two tubes together, and with the meter; allow the 

gas to pass through them until 50 feet is registered on the diul of 

the meter. Then stop the experiment and wash out both cylinders 

with distilled water till no trace of acid is left in them. 

I Collect the washings iu a two deci-gallou bottle, and dilute 

I them witli distilled water to the mark on the neck of'the bottle. 

From this fill a 200 septem pipette (Fig. 16), and put this 
quantity into a beaker, setting tbe remainder of the liquid aside for 
other tests, if necessary. 

Add to the contents of the beaker 15 drops of tincture of 

bemaline. Take a Mohr's burette, similar to Fig. 15, but contaio- 

I iiig only 100 septems, grnduated from the top downwards, and fill 

with the No. 2 or ammonia solution, which is one-tenth the 

strength of the oxalic acid. Place under it the beaker containing 

the 200 septems of liquid before spoken of, Tbe colour of this 

liquid will be of a bright yellow. Now open tbe valve of the 

burette, and allow the ammonia solution to drop into the beaker 

until the yellow liquid therein changes its colour to that of port 

I wine, when the valve must be immediately closed. 



so 

During thii portion of the experiment the liquid in the beaker must be 
kept well stirred, so that the alkali may thoroughly combine with the acid, 
and the ammonia solution must be carefully dropped in, for the hematine 
test is so delicate that a single drop of the ammonia solution will be suffi- 
cient to decide the change in its colour; therefore, unless narrowly watched, 
the exact point at which the liquid in the beaker becomes neutral may be 
overlooked, and the experiment rendered thereby defective. 

If, however, such an accident should happen, it will only be necessary 
to take another measure full of the washings contained in the 2-deci- 
gallon measure, and repeat the experiment till a satisfactory conclusion is 
arrived at. 

The number of degrees of ammonia solution remaining in the 

burette are equal to the number of grains of ammonia which have 

been taken out of the whole quantity of gas operated upon, by 

merely striking off the decimal point thus: — If the liquid in the 

burette stands at 80 there were 8 grains of ammonia in the gas; if 

at 50 there were 5, and so on — no other calculation is required to 

obtain the result. 

By the kind permission of Mr. John J. Griffin, the following 
table, which is made use of in the foregoing e^cperimcnts, is here 
given in full. * 



Imperial Liquid Measure^ divided decimally hy John J. Griffin. 



Gallon. 


Deci- 
GalloDS. 


Centi- 
(jHllons. 


Milli- 
Gullons. 


Septems. 


Avoirdupols Weight 
of Water, at 62<» F. 


Grains. 


Pounds. 


1- 
•1 
-01 
-001 
-000] 


10- 
1- 
•1 
•01 
•001 


100^ 
10- 
1- 
•1 
•01 


1000- 

100- 

10- 

Iv 

•1 


10000- 

1000- 

100- 

10- 

1- 


70000- 
7000- 

700- 

70- 
7- 


10- 
1- 
-1 
•01 
-001 


1 Quart = 2500 Septercs. 1 Fluid Ounce = 6*2-5 Septems. 
1 Pint=1250 Septems. 1 Cubic Inch = 36"06543 Septems. 
1 Centimetre Cube = 2*2 Sept(ms. 1 Litre = 22 Deci-Gallons. 
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SULPHUR COMPOUNDS. 
[ F. J. EVASS' APPARATCrf A5D PBOCESS FOft THE ESTUU- 
f TIOH OF SULPHUR IS GAS AFTER THE 0BDI5ABT PBOCZaS 

OF ruEincAnos. 

The presence of salpbnr u tke €arm of a 
may be readilj- ascertaiocil bj means of a pSen of • 
paper imboed with aceIXe of lead, wUd^ opon I 
submitletl to the action of a stream of gat, bceoatt i 
should there be an; appreciable qnantttj amttamti iktnam. BiA 
03 this form of aulphor impnritf ia removeaUe b; iba osAaaij 
process of purification, it i* xaj nrdj to be (amti ta iba gia 
supplied to the pohlic As, boircver, otber eoa^oaoda of ai^kar 
exist in gas after the atnioet care and troafale bav« ht^ takes ta 
remove them, uni as tbey iefj detection except bf a carcCd 
analysis, a very ingeniotis and complete mpgrnnXm* baa beta fc riild 
hj Mr. F. J. Evans, Eogtneer-in-Cbief to tba Cbartend Gaa 
Company, for the pnrpose of esttaaaliBg tbe wbele of ibe aalpbar, 
in whatever form it may be present, aad be bas iKMaafB 
use of it, with snndry modiieations, daring nore tbaa tbi 
past. 

On the next page will be seeo an iUQatiattoa of tbia ai 
:{PI, 4), and of nhich the fotlowing ia a deacnption : — 

a Woulfe's bottle with three nedu, tbe one to tbe IdV] 
being fitted nith a tube, which serves as an inlet for a 
air, and is made to dip into a solation of caaslic potaab; tbe otbcr^ I 
to the right, is filled with a tube only jiut long cnoogb to e 
the bottle, and serves as a conduit to convey to the apparatus all 
the requisite air, which, being compelled to bubble through tbe 
potash, leaves bebiud it oil the sulphur and carbonic acid that 
might be in combination with the atmosphere befure its admission 
to the bottle.* The upper end of this second tube is attached by 
means of an india-rubber tube connection to the condenser (B), 
which consists of a cylindrical chamber, closed both at the bottom 
and top, save a funnel-shaped inlet and tube outlet to allow of a 
constant stream of cold water circulating through it. In tbe centre 

lir of large tbimi i> gEnnaJIv fuond 
jBcid, TarjiDg in qoinlilj- unrdiiig 



of the bottom of ttiia cbambei' a tube, about 3 inches diumetcr, 
rises, but is contracted at the top into one of much smaller bore, 
and is continued in a apiral form nround the interior of the cylinder, 
being finally led out near the bottom. Deneath the cjlinder 
is another chnmber, (UD) iii which a Bunsen burner is fitted 
immediately below the central tube before spoken of, so that whaL- 
erer products of combustion arise from the consumptioa of gas 
within this chamber must necessarily pass up the tube and down 
again through the coil of pipe, all comraunication with the sur- 
rounding air, except through the tube leading from the Woulfe'a 
bottle, being cut off. 

The teruiinaiion of the coil of pipe is connected, as shown in 
the illustration, ivith another Woulfe's bottle (C), and this, in its 
turn, is connected with a bubbling cylinder (D), similar to that 
described wiien speaking of the test for ammonia. The upper 
portion of this cylinder, above the bulb, is filled to within about 
4 inches of the top with small pieces of broken flint glass — some 
larger pieces carefully placed above the bulb pi-event the smaller 
pieces from fulling down into it. A second "Woulfe's bottle (E) is 
tlien attneheJ to the bubbling cylinder. This bottle is empty, and 
serves only to collect any liquid which may be drawn over the 
bubbling cylinder (D) by the action of the esliausler. From tho 
top of the vcsacl (E) rises a pipe which is connected with a little 
piece of apparatus that may be termed an " exhauster," being 
n small chamber, thi'ough an aperture in which (F) a jet of steam 
blows, and sets in motion a column of air immediately beneath it. 
This it does with such velocity as to cause a vacuum amply suffi- 
cient to suck all the products of combustion evolved from the gas 
at the Bunsen burner, as well as the air which has supplied the ele- 
ments of combustion to it, throngli the several vessels, and finally to 
discharge them up a chimney or other convenient outlet. A little 
screw valve (G) is inserted in the bottom of the exhauster to 
regulate the force of the current, and although the exhauster 
itself is shown in tho drawing close to the rest of the apparatus, 
it may be placed anywhere, provided a tube large and long enough 
connects it with the last Woulfe's bottle (E). 

The number of butllei and bubbUug cylinders amy be muUi plied if it is 
luppoaed that, ia couKquence of the rapid dmught, any of tlie aulphuc nuy 
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Tbe appantDS Invhf been txti n tte order foimtd •«, tk 
nnkle of operating «rilb it U exeee£agff M^flt^ w»t b tU^ 

Fill the Tessd (A) with ■ mtar^ei iJiriM rf [^iirii fM^ 
to ench a bei^l lint tbe air inlet-tabe aaj be Hdbd ■• ft di^A «f 
Ztncbes. FiU >lM tbe <7liMler(B) with mU «Mr. «ri «n^ 
sa thai a cunstaut stream ihj be lui if Bia l ihrw^h the fmmmt at 
the top. Fill tbe reed (C> with a m 
EI>eciSc grnritT 880) one iDii high. 
cjiiniler (D) aonw dirtiBcd water mfl it titcs wikam } m mA 
above the contractiaa vpon which the teohca f^aM mu. 

Make all the conaectiMia aeemrt, amA tfc^ eyew the kwcr 
chamber of the condenso- (B) bjr iiiraw vt the gba JUk. Tan 
oil the &ieam jet and bghl the gia « saailMeaarif a> faaaUc;, 
■ud instanil; shot the glas dide. Bcgalate the cawaaifMiaa ij 
the tap beneath, and tbe whole wiQ be at onee bi apatfia^ 

TTi I I III! I f -■ |i iTi ri' I |J|- ifj I J ma ii ifar 
ilmij DMnqvoca^jai^BstiACTltciHtiicbMil. IfdiiaaMAw 
modi tmbk u taved W Ar AhUc i fj I ■! vliA b |m 1 to h 
made, for l^en bnb p> aJ eifciBW —ih inpilnl tt»«s »>>—»<< 

Care must, bowerer, be taheo to adjaat the Sane cf the jet ^ 
Gleam bj means of the screw (G) befive aOaded la, •» ihaC iW 
vacuum may be strong eMM^b to draw aff the pnJactaof wbai 
tion without patting out tbe gas. 

The consumptioD per bour laaj be froo* 1 la 10 ten, or, !■ 
fact, mj quanlitj' pruportioBale to the nie of the affMMaa, 
according to the wiali of tbe operator. 

naving humed, eay, 100 feet of gai, tars «ff bath the Maaa 
and the gas. Xow comes the praxaa for teaciag the lii|aU pra- 
ducfs of conden&alioD. fjm^j * 
the reaseU C, D, and V% and eolb 
one TCssel. Meaiure the whotejaMti^ "^ Jj<^ ■■* >••» • 
quarter of it into a tall beaker {MHMMHUfeS ^>V^ with 
a tnistare of niiro-murialic ■ 
nitric), or with bromioe, till » 
turns distinctly red. 



Ill adding llu' acid at bromine can inuat be taken not to da thii too 
quiukty, ot the effiuieseence will cauu bodis of the liquid to he lost. 

firomine n-ater (*JU drops pure bromine to 1 ouiHO of waler) will be 
iDi<K eagil}- managed lliim lliv pure bromine. 
Now pour tlie coatents of the beaker into a bottle (Fig. 2), place 
it in a sand bath and heat it nearly to boiling, anU 80 keep it until 
nearly all the fluid has evaporated. All the carbonic acid it 
before contained will bo thus driven off, the residue left being a 
Bolution of sulphate of ammonia, Add about one-fourth as much 
S9 the bottle will contain of a saturated solution of nitrate of baryta, 
or chloride of barium (it is unimportant which), and set the whola 
to cool. A3 soon as it is cold, the supernntent liquor ought to be 
poured off without allowing any of the sulphate of baryta precipi- 
tated in the form of n white sediment to escape. 

If by accident ihu whale of the fluid should hitye crBpatBled, then the 

bedinient mutt he very cnrefiilly washed wilh dislilled mnlec in order Id 

remave any mliible cmnjiound n-hich hat seltli^ with it. 

When all the liquid has run through the paper, tafce a wash- 

boltle, containing hot distilled water (Fig. 4), and blow through 

the upper tube bo as to cause a jet of the water to impinge uix>n 

the precipitate lying on the paper, in order that whatever soluble 

matter may remain amongst the pavticlcs of sulplmte of baryta 

(which is insoluble) may be dissolved and pass through to the 

beaker below; and, after folding it iu such a manner that no loss 

of the precipitate may ensue, place it in the crucible, and submit 

the whole to the flame from the Bunsen burner till it attains, as 

nearly as possible, a white beat, and keep it so till the paper baa 

been consumed to a whitish ash, after which, allow it to cool. 

A very good method of delcmiining whether the B-ashirg hns been 
efficiently done, ii to teat the hquor which pnsscB threugh the filter, in a 
tesl-luhe wilh tuiphuric acid, when, if nny soluble bnrytn. i> present, it will 
ihoiv itself by imparling a milky appearance to the liquid. The washing 
should be cnrried on until the water running ihruugh the filter is not 
aSected by thit teat. 

Carefully balance in a delicate pair of scales a platinum cruci- 
ble (Fig, 5), sufficiently large to contain the filter paper. A fitter 
paper should then he prepared, i. e., folded into shape, wetted with 
distilled water, and placed in a glass funnel, as shown in Fig. 3, 
and the precipitate poured into it. After pouring out as much as 
possible, it will be found that there is still some which clings to the 



b disUIled water, Uking etn that die whofe et 
are poured into the filter, the object bans of tvarwt to egSecI wH 
the precipitate. 

Again, place the crucible in tlte iMlaaee, and aseertsis tke 
neigbt oC its coDtcDU. Thu the qyaadtj of lalfliain at bvTtt 
will be found, the wughl of ibe filler p^er Of gMd) kxag Mw 
inconsiderable to be taken iota kcobbL 
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Quantitj 


ofliqnid collected . 

„ operated upon 

f Bulph. baryta coUected 


Moa. 
. 20 , 
OBfilter . . 42en. 
100 eabk leet 

. . . 2i<T 




ofgaa 



117 grains of sulphate of baryta eoDtaio 16 graiita of anlpbDr, 

therefore 



; 160 :: 42x4=168 



22-97 grs. 



Or, by the uee of tables compiled and poblisbed by tbe editcc, 
placed at the end of litis chapter, in which the per centage of 
sulphur may be found by inspection, without the trouble of calcu- 
lation. Tims, 

A fourth part of the liquid collected has been operated uponi 
therefore, diriding (he quantity of gas which has been burnt by 4 
{100 feet -^4=25), opposite the line 25 and under ibe column 42 
will be found the per centage of Bulphur iu 100 cubic feet of the 
gas operated upon, viz., 22-779 grs. 

The variations, which are unimportant, are caused by Tr;..'- 
tional differences in the atomic weights mf^ "'" "■" '"' ' 'al 

authorities. 
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DR. LETHEBY'S SYSTEM 

OF ASCERTAINING THE QUANTITY OF SULPHUR CONTAINED 

IN THE GAS SUPPLIED TO THE PUBLIC. 

This apparatus is exceedingly simple, and admits of being 
worked without, the aid of an " aspirator," or similar contrivance. 

Upon the opposite page (plate 5), is a drawing of one of these 
instruments, arranged in working order, the apparatus required for 
the experiment consisting of — 

(A) an experimental meter, fitted with an index capable of 
showing from the one-hundredth part of a cubic foot up to 1,000 
cubic feet; a glass water gauge, and lubricators to the bearings of 
the measuring drum. 

(B) a double dry governor, fitted with a regulating cock capa- 
ble of maintaining an un.^.^Iug rate of consumption under the 
usual street pressures. 

(C) a cylinder, 13 inches long, and 4^ inches in diameter, 
having a neck at each end, 2 inches long, and 2 inches in diameter; 
at one end is fitted, by means of a well turned and bored cork, a 
tube (D) I of an inch in the bore, bent so as to be inclined up- 
wards at an angle of 45° or thereabouts, and at the other, a 
tube of a trumpet form (E), 3 inches at the bell and J of an inch 
at the smaller end, inside measure — all in glass, supported upon a 
wooden stand (FF), made to receive it. 

A Leslie burner (G). 

A 4-ounce beaker (H) and glass funnel, 3 inches diameter (I), 
fitted with a tin tube, 3^ inches long, and ^ inch diameter. 

A pint measuring-glass (J), divided into 10 parts, subdivided 
into hundredths. 

Two pipettes (K & L). 

A wash-bottle (M). 

A porcelain evaporating dish (N).. 

A retort stand (O), fitted with a Bunsen burner (P). 

A platinum crucible (R) and platinum wire support (S). 

A beaker, from 3 to 4 ounces (T). ^ 

The apparatus must be fixed in a room capable of being kept 
at a temperature not lower than 60® Fahrenheit, free from the 
sulphur disengaged from fires or gas burning in the room — not 
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heated by a gas stoye, and ventilated aa that no draught of air 
should affect the flanie or the apparatus. 

The bench which carries the apparatus must be supported 
upon brackets fixed to tlie wall, or so that it shall at all times be 
perfectly firm and stendy. 

The order in which the various parts of the apparatus are 
arranged is as shown in the drawing, the connectious being made 
with glass tubes, as far as practicable — intlia-rubber junctions 
being made use of where necessary. 

The meter must be connected to the service by metal pipe. 

If there is any difficulty in getting rid of the nmmoniacal vapour, 
which during the performance of an experiment is espelled from 
the long glass tube (D), the following simple apparatus (U) will 
be found to nnswer the purpose. 

A bent tube, 3 or 3 inches in diameter, is connected into the 
chimney or esttemal wall. On the end projecting into the i-oora ia 
attached a glass or copper consumer, of a bell fonn, inside of 
which is a jet burner, so arranged that the flame from it when 
lighted will go a little way up the iron tube. The effect of this 
arrangement is to induce a current of air up the pipe, and carry off 
with it the products of combustion, he. 

If the end of the tube (D) be made to discharge about 3 or 4 
inches beneath the bottom of the bell, all the fumes will be effee- 
tnatly carried off without affecting in any way the experiment 
going on. 

If the ventilator discharges into the open air, a windguard 
must be put on the end of the pipe, to prevent the wind from 
blowing down it. 

The apparatus having been properly fixed, the experiment is 
proceeded with as follows : — 

Take off the trumpet tube (E). 

Turn on the gas at the inlet of the meter; light the biinHT(G), 
and adjust its rate of consumption to 1 foot per hour, "" *" such ■■ 
rate aa will allow the jets to burn wilh a yellowiB 
tips. 

ThB reason for Ihis precaution in, iLut if the flame 
blue, the sulphur contained iji llie gan wil' ■" 

high temperature to be fullj' oxydisod, ii 
escape coodeuBation. It U absalutelj 
pariment, thai the temperature of coml 



the cjlindet be >]m itwinuu'nel Tbia latter tenuirk wilt explain wb; it 
it ipeciiied that ihe tempeialure of the mom in vhich an eipeiiment for 
■nlphnc ia perJbnned ihonld not be allowed Id fell below GO degmi. 

On no ncconnt nlleinpt In ligbt the burner wilbout remoTJng the 
tnun[iet tube. ]f Ihe ligbt, thmugh lome accident, should go out, the 

Any Bltempt (0 relight ifae bnmn- in en? olher manner, will probably 
retail in id eiplodon, and the deitruction of the tnirapet and eihauit 
tubei. 
Pour into the snmonin beaker (H) 2 ounces of strong liquor 
ammonin, specific gravity 8S0. 

TliJB qaanlity of nmrnonia mutt be pnt in for eveiy eiperiment; any 
remnining from I pretioni one mmt be thrown awny, or pnt aiidefir other 

Plane the tube of the funnel (1) through the burner, anci sup- 
port it in its position by placing the ammonia beaker under it, iu 
the manner shown in the drawing. 

Replace the trumpet tube, and see that the cork fits properly 
into the cylinder. 

The experiment commences when the trumpet tube ib replaced; 
therefore, as quickly as possible after doing that, take the state of 
the index of meter and the time by the clock. 

The intention of tliii pnrtian of Ihe eiperiment ie to atreil the lulphui^ 
oni compoiindi eonliunfd in ibe gas, the prodtictj of the combuition of 
which are fixed by the nmmonia evnporaling from the beaker and rising 
with the current, which is induced up the lube of the funnel (I) by the 
action of the heat of Ihe burning gas upon it. 

This ammonia being cnrrisd up the trumpet tube into the cylinder or 
eoudenter with the heitcd air and products of combustion, enlen iata com- 
bination with the burnt sulpfaur to form lulphiLe and flulpljate of ammonia^ 
which are condensed in the cylinder, either ri fine crjalala on iti upper 
■arface, or disiolred in the water produced by ihe cnmbuition of the 
bydrogea of the gag. 

No water or welted elolliB are ncceamry to assist condenwtion, for, ftom 
what baa been iiiid above, [t will readily be seen thai the objeet of thii 
Mperiinent is not to collect the water formed by the combuslion of the gaa, 
bnt the lulplmr adds glren e£f, and that cooling the cylinder will risk an 
ncape of the inlphnr. 

It being also the intention d{ this experiment to ascertain the avenga 
nmnbel of gmlni of aulpfanr per 100 cubic feet cf gas supplied to the pnbUc 
during the hours of the day and nignt, it Ii evident that the best way to 
arriie at that result ii to eonlinne Ibe eiperiinenls far S4 conseculiTe faouri, 
consuming in that time about 36 feet of gas. 

If plMid at direct*d, it may taUy be Uft, ind will nttd no Ultntien; 
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ku Wb iUMfaad with (T Uwa abcM b; a 
t itftil et MM in il 
mnaE ba latiei npw m ■iliiriiMi. WcaMC caibH fRrmlc ^ iiii yhii 

UiaAiiMixf mi- 

1«L Thep«HuMhabuMaliCiMrakDD.wwtkMtk*tir*«f(ba 

jet> m of a Tdkaiib abnr. 
2Dd. Tht mmbqWioa mMl be pofrrt, m tkat bb ioM ii lnn«l»l m tW 

tube ST cjHaitT. 
3cd. The amnwiua mosl be of Ac k%)w«l Mnagtb. aod nScieM b 

tth. Tfar nppuatoi maM an be med in a »M |diee. 

Allow tbe experiment to go on for 24 boon, then tmn off ihe 
gas at the inlet of the meter. 

Note the stale of the index, and deduct the reading at the 
commencement of tbe experiment from it ; the difference nill be 
the total consumption daring the whole time it has been burning. 

Remove the trumpet and exhaust tubes (E) and (D^ from the 
cylinder. 

Carefully rinee round tfae cylinder with the liquid which has 
accumulated therein, stopping the ends tightly during the opera- 
tion with corks or the palms of the hands, and pour il into the 
measuring glass (J). 

See that there is no deposit of soot in the inside of the trumpet 
tube. 

If the tube is not blackened, then carefully wash it out with 
the liquid taien from the cylinder, and pour it back into the 
measuring glass. 

If the amount of the liquid is not enough to divide readily by 
10, or if it is supposed that any appreciable quantity of sulphate 
of ammonia has been left in the cylinder or trumpet tube, then 
take a sufficient quantity of pure distilled wnter lo fill up the 
measure to such a mark as will divide, and wash them both with 
it, pouring the washings into the mensiirc. 

Test the liquid for alkaline i-e-actioii. 

This 19 doae bj dip^ng a ptet of ri'ddnie* lion''' ■ into it.o li.[nid, 

when, if il ii dt«Iili«ljf i *" ^ill be m- 

tored. If the liqiui !• ""li 

or quantity of the an 
giTeo, foi tbe liquid l 
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The liquid couuins the sulpliur as eulphate of ammonis, ami 
the mctliod of aBcertainingtho amount of sulphur con tnined therein 
is as follows i — 

Measure off onc-lenlh part of the liquid, pour it into the 
beaker (T) nnd evRporale it, without boiling, nearly to drynesB. 

Add one fiuid dram of a saturated solution of bromine in 

Thi< i> niAde by adding to lonie dittillcd water (tny 1 ounce) poured into 
a tightly stoppered botlls 10 dropn of pure hrsmine, and allowing it to 
•land for 34 hours, till it imi tnkcn up Eu much nt >t will, lenving a unull 
quantity of bromine at the bottom of ibe bottle. 
Fill up the beaker with hot solution of chloride of barium, 

Thii it mnde ihut — 1 ounce aroirdupoii of put* chloride of barium to 
10 fluid oun<:ei of distilled water mnde very a<:id with muriilic acid, added 
in the proportion of a drnchrn of add to on ounce of ihe solution- 
Boil for five minutes, and let it settle; the settlement will be 

sulphate of baiytn. 

Add a little more solution of chloride of barium, so as to be 

certnin that the wliole of the sulphur has combined with llie 

bnrytft, whicli will be shown hy the liquid njmaining clear. If, 

on the contrary, it becomes cloudy, let it remain till it again 

becomes clear. 

Pour oft* as much as possible of the clear liquid into a beaker, 

without allowing any porlion of the precipitate to go irith it. 

Fold a Utter-paper and wet it with distilled water, and place it 

on a glass funnel held by a filtering stand (VV), as shown in the 

diagram. 

Carefully balance, in a delicate pair of scales, the platinum 

crucible (R). 

Wash well, with warm distilled water, the precipitate lying on 

the filler. 

■ing dow 



For this pui^Mse ai 
and directing the jel c 



Btb bottle (M), binning (Iowa the appcr tube 
' expelled ham the lower with auffident force 
upon Die preci|iitBle lo wnsb it without removing il rrom the fitter. 

This is dons to gel rid of nny snliible patticlei which may be niitd with 
the precipitate, tulphntc of boiyta being insoluble in wutcr. 

Having allowed the water to run through the filter paper, fold 
it carefully and lay it in the platinum crucible (K), then place the 
crucible over the Bunsen burner (P), in the manner shown on the 
drawing. 





Light llie burner, and burn the whole lo whiieaeMk or till 
Weigh ibo residual sulphate of baryta. 
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23-97 ConMinpii™ in 2S 1.B, ii mim. 


Quantity 

up wi 
Quantity 

Number 
filter 

Number o 
of gna 


of liquid condensed in cylinder made 
h distilled water to . . . .20 fluid oc. 
of liquid operated upon . . . 2 „ „ 
f grains sulphate baryta collected on 


'grains of sulphur per 100 cubic feet 

15-97 






Example showing iK 

The qunntily of gaa bi 

condensed in the large gh 

A tenth part of the liq 


e tcorkiiig of l/ieabofe Krperimenl. 
rned is 24 ft., and the quantity of liquid 
ss receiver is made up to 20 fluid oz. 
id has been taken to operate upon — 2 o«. 
sulphate of baryta collected on filter is 

y of sulphate of baryta in 24 cub. ft. 

jrs-x 10=28 grs.; 

sulphate baryta produced from 24 ft. of 
duced from 100 ft. of the same gas : — 
Fl. Grs. Cm. 
100 : : 28 : 116-6 
S. B. S. B. 
aryta contain 13-7 grs. of sulphur, flj 

116-6 : 13-7 : 15-97 M 
S. B. S. ^ 
resent in the gaa esperlau 
cen 16-97 per cent. 






The namber of grs. o 
2-8 gra. 

First find the quanti 
of gas— 

2'8 
then, if there are 28 grs. 
jas, how much will be pro 

Fl. 

24 

100 gra. Bulphnte of b 
100 : 
S, B. 
The quantity of sulphur i 
therefore showa to have b 
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12-203 
11-093 
10-169 

9-387 

8-135 
7-627 
7-178 
6-779 
6-422 
6-101 
5-Bll 
5-546 
5-305 
5-084 
4B81 
4-693 
4-519 
4 -358 
4-208 
4-067 
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10-847 
9-861 
9-039 
8-344 
7-74S 
7-231 
6-779 
6-380 
6026 
5-709 
5-423 
5-165 
4-930 
4-716 
4-519 
4-338 
4172 
4-017 
3-874 
3-740 
3-615 
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9-491 
8-628 
7-909 
7-301 
6-779 
6-327 
5-932 
5-583 
5-273 
4-995 
4-745 
4-519 
4-314 
4126 
.(■954 
3-796 
3-650 
3-515 
3-389 
3-272 
3-163 
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8-135 
7-395 
6-779 
6-25B 
5-811 
5-423 
5-0B4 
4-785 
4-510 
4-281 
4-067 
3-874 
3-69? 
3-537 
3-389 
3-254 
3129 
3013 
2-905 
2-H05 
2-711 
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779 
163 
649 

215 
842 
519 
237 

988 
766 
568 
389 
228 
061 
947 
624 

7U 

607 
510 
421 

337 
259 
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5-123 
4-930 
4-519 
4172 
3-874 
3-615 
3-389 
3-190 
3013 
2-B54 
2-711 
2-582 
2-465 
2-358 
2-259 
2-169 
2-086 
2008 
1-937 
1-870 
1-B07 
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4 067 
3697 
3-389 
3-129 
2-905 
2-711 
2-542 
2-392 
2-259 
2-140 
2-033 
1-937 
1-848 
1-76B 
1-694 
1-627 
1'564 
1-506 
1-452 
1-402 
1-355 
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2-711 

2-465 
2-259 
2-086 
1-937 
1-807 
1-694 
1-595 
1-506 
1-427 
1353 
1-291 
1-232 
t'179 
1-129 
1-084 
1-043 
1-0O4 
■968 
■935 
■903 
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232 
129 
043 
968 
903 
84 7 
797 
753 
713 
677 
645 
■616 
589 
564 
542 
521 
502 
484 
467 
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ILLUMINATING POWER. 

We will now proceed to examiDe the illuminating power of 
the gns by means of the photometer. 

The photometer in, as its name implies, an instrument for 
determining the amount of light given hy any illuniinaling agent, 
in terms of some other agent, and its construction depends npon 
the well-known Imv of opiics, that the quantity of light thrown 
upon an object by any luminous body is inversely as the square 
of the distance. In order to mukc this clear, let us suppose a disc 
of paper to be pinced in a vertical position, one hundred inches 
from a candle, on the same level ; if the candle be ligiited, the paper 
will be illuminated on the side faciug the eandle, with a certain 
quantify of light; let tlie candle and the disc be uow placed fifty 
inches apart, half the original distance, and the pnper will be then 
illuminated wilh four times the quantity of the first position; if 
placed at thirty-three and one-third inches, or one-third the ori- 
ginal distance apart, the light will be increased to nine times and 
so on, iis shown more clearly iu the following table: — 
If nt 100 inches apart, the light be taken as I . 

at 50 inches or ^, it will be 4, the square of 2 being 4. 



or i „ 4 X 4 = 16. 
or J „ 5 X 5 = 25, Sec, &c. 
beautiful law to determine the illuminating 
ving agent, an instrument of most careful and 
absolutely necessary. The first photometer 



at 23 „ 

at 20 „ 
In applying this 
power of any light-gr 
accurate construction 
was made, I believe, by Count Rumford, who adopted llie plan of 
adjusting the lights, nt such a distance from an upright rod, that 
the shadow produced by each on a white screen should be equal. 
He then measured the distances of the lights from the rod, and the ' 
larger number of inches squared, divided by the smaller number ' 
squared, gave the iUumiuating power of the greater light in terms 
of the lesser. But this method soon gave way to a much more 
simple and accurate process, devised by Bunsen. If a piece of '. 
while paper be saturated with melted spermaceti, it becomes trans- 
lucent, and if a spot be left untouched in its centre about the size 
of a shilling, we shall find that when examined by reflected light — 
that is, light from the same side as the observer — the disc will look 



white and the sarroomling purl HaA ; but if tliu ohteirn thxfl hi* 
(losilion to the opposite aide, and examine tlie paper by traDUnilted 
light — that is, light from the opposite siile of the inistrumeni — the 
disc will appear dark, and tlic surrounding pnrt light and trans- 
Incent. Lasllj-, it' two lights of equal iniensily are pluccd one on 
each side of the paper, the disc vrill digappear, for then the light 
I from one side neutralizes the light from ihe other, and ihm i« 
no disposition to produce either eRi.'ct. This is the principle of 
Bunsen's photometer, which, as originally const rue t<-d by Air. King 
of Liverpool, consisted of a simple bar of wood placed iviih its 
edge uppermost, and firmly supported at both ends ; the gas tu hu 
tested was burned at one end and the candle at tlie other, a circular 
disc of paper being titled to a socket and made to slide freely up and 
down the bar, ao that when placed in such a{>o3ilion that the light 
from the gas was equal to the light from a candle, the value of the 
gas in terms of the candle might be read olV on a scale attached. 

The method by which the scale of this instrument is computed 
is aa follows; — Let ns suppose n, li, to he the beam, and r, the 
distance from the caudle to the disc, ti, being the number of 
candles to wliich the gas is equal. 



multiplied by (100— «)'! 




f^=100»— SOOx+a- 



(h— iy + 200j'=100^ 



Completing tUe equation 



100' 100' lOQ* 

100*{»— 1)+100' 

(«-lf ~ 

100=(i— 100»+I0<)'' 



and extracting tlje rout, 



that i. 



100(t/«-l) 



M— 1 



Ilnving now I'ouud tbc value of x in terms of the candle, let I 
us suppose the gns equal to 9 candles; then, suLstituting 9 for n 
in the abore equation, we have 

_ 100(1/9-1) 

' 9-1 ~ 

100(3-1) 



" 9-1 
100x2 



25 inches; 



or, in other words, if the disc be 25 inches from the candle in the 1 
100-inth beam photometer, the gas will be giving a light equal I 
to Buch candles — the gas being exactly three times as distant \ 
from Ihc disc as the candle. 

Opposite this page is a drawing (PI. 6), of the Bunsen photometer^ I 
as improved by Mr. Alfred King, of Liverpool, with the apparatus I 
he employed, consisting of the photometer beam, as describe^ 
supported upon two pillars, and carrying npon it a saddle or elide^ 
upon which was fixed the disc held by a brass rim. A pointer J 
screwed to the slide immediately under the disc showed upon the J 
scale the position of the disc with regard lo the gas and candlSi \ 
The meter for registering the rate per hour at which the gua « 
consumed, was made of the capacity of onc-tentli of a foot per I 
revolution of the measuring drum, one of these revolutions per I 
minute being equal to the rate of 6 cubic feet per hour, bo tliat by j 
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taking an observution of oue luinule, the i-Htv p«r hour of a burner 
could be easily nscertaineil. 

For maintaining an uuiform rnte of pressure during his ex- 
pcrimeuls, he contrived a small and delicate governor, made upoD 
the principle invented by Clegg, with a very small lung cone. 
The gas-holder of this instrument was counterbalanced by weights 
at the end of a long beau, each end of the beam being tiie 9e;;iu«iit 
of a circle, the centre of which was idso the centre of the beam. 
By this arrangement the weights and the gas-holder were always 
equi-diatHDt from the point of suspension. 

The duration of the expcninent was ^liown by a cluck with a 
40-inch ]>endulum, and 30-pin escapement, so that the minute 
Laud attached to the scape-wheel made une revolution per minute. 
To the shaft of this scape-wheel he fitted a. snail in such a manner 
that a small hammer was lifted by its revolution, and allowed to 
fall upon a bell at the end of every minute. The experimenter 
was tliua warned when to murk the irauition of the gns hand upon 
the dial of the meter at either the commencement or termination 
of an experiment. 

The pressure gauge, also contrived by him, and now commonly 

I known as " King's Pressure Gauge," wfas made upon the principle 

I of the ordinary inverted syphon, the leg or well open to the ntmos- 

I phere being sufficiently enlarged to admit of a small float rising 

and failing without adhering to the side of tlie tube. Above the 

well, and with its edge over the centre of the opening, was lixed a 

wheel, the circumference of which was double, or ratlier more tliau 

double the length of the extreme iieight to which the iviiter could 

e or fall. Over the grooved peripliery of the wheel a light line 

a passed, one eud being attached to the float and tlie other to a 

I counterpoise, consequently any motion in tlio water was imparled 

, through the line and float to the wheel. Upon the s\u(l of this 

[ wheel n pointer was fitted, the length of which magnifled the 

motion of the wheel, so that the rise of an inch of water in the well 

' was shown upon a much increased scale on a dial supported by n 

[ pillar on each side of the well, tlie centre of the dial being also Ihe 

I centre of the wheel. 

The burner he used as a standard was, in all probability, n 
15 or SO-hoIe argand, with cones, as sliown in Clegg's Treatise on 
[ Oa3. In the 3rd edition of this work in 1859, it was, however, 

E 2 
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depicted as with m fish-tmil bamer. Be this as it may, no sort of 
attentioQ appears to hare been paid to the kind of burner em- 
plojed, because in practice, up to 1860, any kind of burner — 
Leslie^s, thirtr-hcJe, national, argand^ with and without cones; 
in fact, almost everr Tariety of bamer was used, according to the 
pKeasnre of the experimenter. The only thing that was constant, 
was the rate, that of 5 cubic feet per hour. 

Added to this the photometer was designed to be placed and 
used in an apartment, the entire surface of which was to be 
coloured of a dead black, so that no reflection from any part of the 
room should aflect the experiment. But, as no specific rule was 
laid down as to the size of the room, or the distance from the wall, 
it resulted from the combination of these and other omissions that 
the best and most careful experimenters differed as much as 25 per 
cent, in their estimate of the value of what was commonly termed 
12-candle gas. These enormous variations and uncertainties were 
become so patent, that Mr. F. J. Evans, then Superintendent of the 
Westminster Station of the Chartered Gas Company, was induced 
to turn his attention to the matter, and the consequence was the 
invention of the Photometer which bears his name, and which is 
at this time so w*ell known. 

The particular circumstance which led to the invention of the 
£vans Photometer, was the want of an instrument which could be 
employed to test the actual amount of light given by a public lamp, 
fit siftty as compared with a standard sperm candle. This want was 
felt, in consequence of a dispute which had arisen between the 
Gas Company and their customers, the parishes of St. Margaret 
and St. John, Westminster; and the first of these instruments, in 
the form of a long box lined with black cloth, was used to test the 
light given by a gas lamp, burning under ordinary circumstances 
in the public street. 

The success of this experiment clearly demonstrated the value 
of an instrument, which, by protecting the eyes of the operator 
from the glare of the lights, enabled him accurately to determine 
their relative values, while, at the same time, in all experiments 
performed by the aid of this instrument, gases or burners tested 
were placed in similar circumstances with regard to each other 
and the standard candle, whether the experiment was conducted in 
the streets, or in a photometer room. Accordingly, one was 
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immediately mode and put iuto opcTRtion at the Wr^imiutrr 
sintion, where it still remaina, with but few modificatiotm, uid U 
at the present time used for testing tho cnnocl and common gni oj 
snpptied to the public ironi those works. 

Tbe introduction of this photometer led to the {(nproremeiit of 
other parts of the apparatus requiute la teBling fur illuminaling 
power. The advent of the MetropoUa Gas Act rendered it 
nbsolutelj' necessary that some form of apparatus should bo 
immediately adopted, by tlie use of which (he testers appointed 
under the Act might agree in their results with those obtained by 
other inslrumentB in diflereiit places. Thia caused a critical 
examination to be made of the entire system, and, m a consequence, 
the almost general adoption of one form of apparatus and course 
of procedure, which, altliuugh not perfect, is not altogether 
unsatisfactory. A few alterations, not great or dSflicult, would 
doubtless place the English method on such a footing as to be 
both thoroughly rdinb1<' and second to none in point df practlciil 
utility. 



THE EVANS PHOTOMETER. 

This instrument, as at present manufnctured (PI. 7), consists 
of a long box made of dry pine, French polished on the outside, 
hned within with black velvet, and provided with three doors, 
which equally divide the entire length of the front. The central 
panel of the middle door is HUod with clear plate-glass to enable 
the operator to see the disc without disturbing the lights burning 
in the Photometer, and is of such dimensions that he cannot obtain 
a view of it from a greater angle than 45°, or thereabouts. The 
disc is fixed into a moveable plate that slides in a transverse 
groove fi-ora back to front, and occupies the exact centre of tlic 
box; at the same time it divides the box into two distinct cham- 
bers, so that no mys of light can pass from one to the oilier except 
through tiie disc. The other two doors are for tlie purpose of 
allowing ready access to the candles or gas light, in whatever 
position tliey may happen to be. 

Each chamber is provided with an arrangement by which the 
two lights to be compai'ed can be made to slide from the end 
towards the centre, or vice i-n-*<J, at the pleasure of the operator, 
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while n proper amount of fresh air is admitted without allowing 
the entrance of Aaj or other estemnl light. For this purpose 
wooden slides, fitted ivilli brass lubes, arc placed so as to slide in 
slots cut longitudinally tiii'Ougli the. bottom of each cliamber. To 
the bottom of the photometer, and attached to encli chamber, is a 
pair of wheels, uue wheel being Oxed ucar the centre and the other 
at the end of their respective chambers. Over each pair of wheels 
an endless cord passes, and the middle of the cord ia made fast to 
the wooden slide which carries the light. A handle ia fixed to each 
of the wheels nearest the centre, which, upon being turned by the 
operator, causes the light in connection with it to approach to, or 
recede from, the disc. These two actions are covered by boxes 
having wooden light guards or screens running longitudinally, and 
from the bottom of the boxes project the ends of the brass tubes 
before spoken of, which serve to convey gas to each end of the 
photometer. 

The heated air and products of combustion are carried off by 
means of a copper funnel fixed at each end of the instrument, 
assisted by a ventilating roof so arranged as to exclude external 

light. 

The scale is attached in front, immediately below the doors, 
and a pointer fixed exactly in the centre of the wooden slide, shows 
upon the scale tiie corresponding position of the light within. 
These photoinelers are made according to circumstances, 100, 75, 
50, or any other number of inches, calculating from end to end 
of the scole. 

In this instrument tlie distance from the greater light to be 
compared is a constant quantity, that of the lesser light being 
alone variaUle; because, the disc being fixed, it is necessary to 
bring the wealier liglit nearer to it in order that it may be illumi- 
nated to the same degree as it is by tlie more powerful one. 
Whatever tiie lights used may lie, whether tliat of candles, gas, or 
oil, the rule for calculating the scale remains the same; and, in 
order to sliuw by cxaniplu how thin is worlced out, let it be sup- 
posed tliat a gas burner is fiied at 50 inches from the disc on the 
one side, and that, to give an equal amount of light on the opposite, 
it has been necessary to advance the candle to within 16§ incliea 
(16-66) on the other. Then, to ascerlnin how many candles the 
s is equal to, it is only needful to square the distances of the gas 
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and candle from the diac, and divide the greater bj the amalleri 
and the result is attained. Thus— - 

16-66 
16-66 

9996 
9996 
9996 60 

1666 60 

— __- ^_ Amwer, 

277-5556 ) 25000000<K) ( 9^7 

24980004 



...1999600 

Practically, then, the gas would, in this case, be equal to 

9 candles. 

The following is the formula used to work one the divisions on 

the scale. Let n be the number of candles the gas is equal to, and 

X the distance from the candle to the disc; then, bearing in mind 

what has been said before, the proposition may be put thus : — 

If (n) candles (the number to which the gas is equal) require 

50 inches, what distance {x) is required for one candle? The 

equation is, therefore, 

w : 1 : : 50» : *»; 

or, na^=s50\ 

Suppose 11=9, then 

9j;»=50», 

^=50^ 

9 • 

Extracting the root on both sides, we get 

0?=---= 16*66 inches, 
o 

That is, if the candle be 16J inches from the disc, the gas is equal 

to 9 candles; and so on, by substituting for n the numerical value 

of the gas in candles, the several points in the scale are determined. 

Among the advantages possessed by this Photometer, in con- 
sequence of the disc being fixed in the centre of the scale, and the 
lights at either end to be compared being moveable, is its adapt- 
ability to a great variety of experiments. 

These include the estimation of the illuminating power of gases, 
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either as compared with the sperm candle or other standards, or 
with one another, and the estimation of the value of different 
kinds of burners of all sizes, consuming the same or different 
gases, whether of high or low illuminating power. Thus, 
supposing it is required to test two small burners, which 
eliminate but little light, in a 100-inch photometer, the disc 
will be so faintly lighted on either side, if the burners are 
100 inches apart, as of course they must be with a Bunsen photo- 
meter, that great difficulty will be experienced in arriving at a 
just conclusion; whereas, with the Evans' photometer, the matter 
would be very easy, for on moving one of the lights up to the 1 
on the scale, the question would be this : How many of the one- 
light will be required to equal 10 of the other? and by then 
moving the latter until the disc was equally illuminated, the 
answer might be read off the scale without further calculation. 
Now even this experiment, if performed by the Bunsen photo- 
meter, would necessitate a calculation, in order to get the requisite 
result, and should the lights be nearly equal, the imperfect illumi- 
nation of the disc would render the experiment a doubtful one. 

If, on the other hand, the burners are of a larger size, they 
may be tested in the usual manner, or in the way indicated above, 
at the option of the experimenter. 

It will, however, tend to the elucidation of the directions given 
in the following pages, if a description is now given of the 
apparatus which serve as auxiliaries to the photometer, more 
especially as some of them must be used with any photometer, 
whatever its construction may be. 

METER AND CLOCK. 

All recent Acts of Parliament relating to the supply of gas in 
England specify that the standard of comparison shall be a sperm 
candle consuming 120 grains per hour, and that the gas shall be 
burnt either through an argand burner having 15 holes in the 
ring, and fitted with a 7-inch chimney, or a fishtail or batswing, 
according to whether it is common or Cannel gas. As an 
illustration it may not be out of place to quote the Metropolis Gas 
Act, 1860, the 26th clause of which provides, so far as London is 
concerned, that 
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" The (inalliy of tJ 
iif, tiitfa Tcipact IB iti 

nf one thciumd ynrilx (mn ih* nk^ntk w tofmtw* fi 
biinin having liflna biiln and a 

htt of gBj( an hour, a light equal in inlnul; Is Ueliilil p>l»t4 
leu tfau Iiralve ii|wnn cuhIIh ufrii to the poosJ, utcb li«n^| «■ 
dred nnd iwentf graina an hcniri aod Uk qiulitj or Cinart |M m 
any Gat Compnn; thall. «ilh mpcci hi in lltu«lnuln| f 
dittiince tfoRtaid, be luch u la produce (ram a balming (« ■■ 
consuming Rye feet af gat pet haur, * Ugbl e<qiial in talraaiij u IwrlUf 
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Xow, in order to perform tin experiment un<Ier theae cod- 
dilioDs, it will be necessary to provide a meter wliieli will regi&ter 
one-twelfth of a cubic fixit in one complete reTolutiou of the 
mensaring drum, because one-lwelflli of a cubic foot per minute 
will be equal to 5 cubic feet per hour, ths stanilard qunntily, Thn 
ilial of the meter for this experiment need onljt be divided inio A 
spaces, representing cubic feet subdivided into tenths (see PI. 9, 
Fig. I). It should also be provided with iin arnngcment for 
ascertaining the number of revolutions which the meter liss made 
during the time occupied in performing an experiment. Fig. 2 
shows a dial with the outer circle divided into 5 spaces called 
cubic feet, and subdivided also into tenths, the Inner circle being 
divided into 12 partd. The pointer, which is cunnected with the 
measuring drum, makes one revolution for ever/ onu-lwelflh of a 
foot, corresponding cKaetly, therefore, with the revolution of tlie 
measuring drum. The pointer of the smaller circle moves one- 
twelAh of the entire circumference at each revolution of the drum, 
consequently one cubic fool of gas passed through the meter will 
cause it to complete the circuit of the dial. 

In order that the water line of the meter may be always 
known and easily corrected, a water gauge is attached, and tlie 
true water line marked thereon. This is the beet method, for, if a 
run-off plug only is used, it becomes neceasnry to know exactly 
how long the plug is to be left open, otherwise more or less water 
may flow off than intended, and will thus vary the standard quan- 
tity that was in the meter at the time of its being proved. Any 
variation in this respect, which is very likely to occur with so 
imperfect an adjustment, would render the experiment inaccurate. 

Lubricaton should be fitted to the front and back bearings of 
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the sitnft of the measuring drum, for the instrument is only con-ect 
when the working friction is the same as at the time it was 
provej. StiffnesB in the bearings hBs tlie effect of milking the 
meter register slow, the capacity of ihe measuring drum heing 
increased by the greater pressure required to move it. 

That portion of the bench upon which the meter is to stand 
should he accurately levelled. This will be found more con- 
venient than having levels and screws attached to the meter, 
AS these tend to comphcate the instrument. 

As in all Acts of Parliament relating to gas, as well as in the 
one already quoted, the rate per hour at which the gas and candle 
are to be consumed is specifically defined, it will be seen that 
time is an important element in a pholoiuetrieal experiment. 

Now a reference to Plate 8 {Fig, 2) will shew thai, as the 
circumference of the dial is divided into five parts, which are called 
cubic feet, and as the pointer of the large circle so divided com- 
pletes its circuit when the twelfth of a cubic foot of gas has passed 
through the meter, it is evident tbat the index multiplies that 
quantity by 60, t'.*. 12x5=60; for it would really require 60 
revolutions of the measuring drnm to pass 5 cubic feet, the 
quantity shown on the dial. The distance, therefore, travelled 
over by the pointer during the space of one minute will indicate 
the exact quantity which would be passed through the meter in 
one hour if it were kept moving at the same rate, A clock which 
will accurately dcline one minute, and is provided with an 
arrangement for starting and stopping instantly, is therefore 
indispensable, Tliis is required to ascertain the rale of the con- 
sumption not only of the gas, but also of the candle ; and as it 
would be very difficult to ascertain the consumption of one or two 
candles, aud observe the illuminating power of the gas in one 
minute, a certain number of lainutes must be taken, so that a 
proper average of the consumption of the candle may be arrived 
at. Practice has shown that the best experiments are performed 
in 10 minutes (although some operators prefer 13 or 15); therefore 
the clock should have, besides the minute hand, an arrangement 
for showing how many minutes have elapsed from the com- 
mencement to the end of an experiment. An error in this would 
give a wrong average of the consumption of the candle, and a 
much more magnified error in the illuminating power of the gas. 



Fig, 2 shows the dial of an iniles combining the whole of 
1 theae i-equirements, made by the editor u|ion a auggestion by 
I Mr, Douglas, Supei-intendcnt of the Phicnix tina Works, Vaiixliall, 
i ami which is that now most genernlly used in tliia country. In 
this index the outer circle is divided into five pnils, tailed 6 cubic 
feet. The right hand email circle is divided into five parts, sub- 
divided into tenths, and one complete circuit of this dial is mode 
for every actual 5 cubic feet passed through the meter.' The 
left hand circle is divided into ten parts, each part representing 
one minute of timcj' There ore two long pointers to the outer 
circle, the thinnest one being the minute hand of the clock, which 
completes its circuit in one minute, and, for each revolution of this 
hand, the pointer of the left hand circle moves on one division. 

Motion is given to the two gas hands by means of a connection 
with the measuring drum, and lo the two time hands by a small 
lever escapement clock working in the same frame with the index, 
but entirety independent of it. The motive power of the clock is 
n small weight attached to a line coming out from the side of the 
index, and running over a pulley secured to a bracket projecting 
from the side of the index box of the meter. The weight has been 
adopted in preference to a spring because of tt^ more even and 
perfect action. In the interior of the index is liKcd a little bell, 
and a lever, raised by a snail attached to the scape-wheel, causes a 
hammer to strike the bell as the minute hand completes its revo- 
lution. A small lever, the end of which projects from the index 
box at top, serves to start or stop the clock, as required, and a 
light cord hanging down on the left side of the meter is used to 
wind up the clock and bring back the 10-minute hand to zero. 

When the meter has not this kind of index a separate minute 
clock is made use of; either a small lever clock similar to the one 
described in the combination index, (Fig. 3) or a large clock with a 
40-inch pendulum. The inconvenience attending the latter is the 
difficulty of properly starting and stopping it instantly. The small 
one, however, is not open to tliis ohjection, and is made so oa to 
stand level with the dial of the meter. 
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OQO made uf cream-laitl note paper, with n circular or star-shaped 
hole cut through It, about I inch in diameter, nnd two otlier pieces 
of white foreign post plnced on each side of it. The advantage of 
tliis disc is ils perfect uniforniity of surface, aud its being precisely 
the saue colour on both sides; and in using it, instead of having 
to compare two slightly illuminated spots, as in the spermaceti 
disc, we only have to determine which disc presents the most dia- 
tinctly-dedned star, without reference to the colour of the surface. 
The only objection to be urged against the three lliicknesses of 
paper, is the difficulty of securing perfect contact all over the 
surfaces. 

The method by which to adjust the disc during an experimeut 
is us follows, viz.; — 

Supposing one of the first-named or greased discs is in the 
photometer, the lights are equal when the opaque spot left in the 
centre is visible to the same extent on one side as on tlie other. 
If the ligbta are unequal, then the opaque spot will show brighter 
on the side of the stronger tight, because that passing thi-ough 
the translucent portion of the disc, will cast the opposite side of 
the spot into shadow. 

The effect on the Leeson disc is exactly the reverse, for the 
light fulling ou it ujakea the star ajipear darker on the side of the 
btronger light, nnd brighter on that towards tlie weaker. The 
lights are equal when the star is defined as clearly on one side as 
the other. 

The merit of this kind of disc consists in the fact that the 
lights can be equalised irrespective of their colour, Thus the 
candle appears, by comparison with the gas, to illuminate the disc 
on its own side with a kind of brownish light, while that on the 
side of the gas appears whiter. Again, the colour of the light 
from a batwing under liigh pressure is whiter than that from the 
same kind of burner under low pressure. 

These difierenccs of colour affect in some degree the unprac 
tised eye when the greased disc is employed, hence the superiority 
of the Leeson disc for the use of experimenters not in the constaut 
practice of photometry, or for experiments where there is a wide 
distinction of colour between the lights to be compared. 




I 



The burner for common gae is described in the Metropolis Gas 
Act na "an arganil burner, having 1^ holes ani] a seven-inch 
chimney." 

To this vague description may be ascribed aii enormous amount 
of en-or and diesatisfacliun, for altliough there is no doubt it was 
the intention of the Legislature to give the Companies the full 
benefit of the most suitable burner for displaying to the best 
advantage the quality of the gas they supplied, still it is quite 
possible to make u bui-uer, complying literally with the words of 
the Act, whieh will exhibit the light of fico randleg onli/, from 
14-candle gas consumed at the specified rate of 5 feet per hour. 
To obtain this, it is only necessary to make the boles somewhat 
amnller than usual, the diameter of the circle cutting the holes 
rather less than an inch, and the centre opening about five-eigiiths, 
^and the etfect just described is the result. Now it is quite cviJent 
that such B burner as this was never contemplated by Parliament. 
The opponents of Gas Companies, however, never fail to supply 
the omission with details of their own, and produce such a burner 
as will depreciate the quality of the gas it is professedly to test. 

In some very recent Acts of Parliament, however, an attempt 
has been made lo define with greater exactitude the proportions of 
the bunier to be used as a standard; and in the case of "The 
Birmingham and Staffordshire Gas Act, 1S64," it is described as 
"a metal argand burner, having an esternal diameter of I'lO of 
an inch, and an internal diameter of 0'50 of an inch, and having 
fifteen holes, each hole of the diameter of 0*05 of an inch, and with 
a aeven-inch chimney sujiported upon an ordinary gallery without 
a perforated disc." 

Although this is a step in the right direction, the definition is 
Btill incomplete, for no mention is made either of the diameter of 
the chimney or the height of the burner from tlic glass holder lo 
the lop — two important points, Unfortunately, too, from want of 
an intimate knowledge of the subject, the Legislature has been 
induced to select a burner which is far from being suitable as a 
Btardard. The model was not made to suit the requirements of n 
testing burner at all, but a pattern not originally constructed for a 
13-bole common gas burner was obtained and altered in some of 



bamcr, yet there ie no reason why, as in the case of the Birming- 
.ham Btandari], the chances of error shonld be multiplied by 
compelling the tester to deviate from the specified quantity of 
5 feet. 

The imperfections in the Biiiningham standard arise from the 
width and shape of the top, which, being both flat and wide, create 
fluch currents in the flame, that the pnrlicles of carbon are diverted 
from their true upward course and made to eddy over the top be- 
tween the holes, till they are either destroyed or deposited, in the 
latter case raising small mounds of carbon between the holes, and 
heating the burner all over to a pernicious degree. Another very 
objectionable feature is, that the top is made of a material, which, if 
not frequently cleansed, affects, by its corrosion, the size of the 
holes; while, if care be token to remove the accumulated oxydation 
or deposit of carbon, a hard tool must be used, which soon destroy! 
their uniform size, and of course, when once this is done, the burner 
ceases to be a standard within the meaning of the Act. 

The burner most generally in use as a standard for goa testing, 
throughout England and the colonies, is that known as "Sugg's 
burner." (PI. 10, Figs. 1 and 2.) This burner, the top of which 
is formed of steatite, is a 15-hole Argand, with a 7-iuch chimney, 
and made of the dimensions shown on the Plate, which are full 
size drawings of plan and section; the first being intended for gas 
of about 12 candles, and the second for 14 candles. It will be 
noticed that the gallery for these burners. Fig. 5, is filled in at the 
bottom with perforated metal. 

Much discussion has occasionally arisen concerning the 
purpose for which the disc has been introduced. Its real object is, 
however, simply to check in some degree the amount of air 
admitted to the outside of the flame, and to distribute the air so 
admitted equally to every part of the ring. Gas of the exact 
illuminating power for which the burner is made and marked, is 
slightly depreciated rather than increased by its presence, but if, 
when the gas is better than tliat marked on the burner, and is 
burning at the rate of 5 feet per hour, tlio flame tails over the 
glass, or looks smoky at its top, then the disc becomes useful by 
checking the draught to the outside of the flame, which would 
otherwise be elongated and tlirown together at the top. The use 
of the disc tends also to increase the current up the centre, and 
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these two circumstances combioed, that is, the decrease of the 
external uud iDcrease of the interaal curreots of air, couduce to a 
more perfect combustion of the richer gas. 

The disc tlien is only used to assist the teater in rcpreseoling 
justly tlie illuminating power, so tliat if the gas supplied to the 
public be better than the standard prescribed by Act of Parliaroent 
or agreement, it may be so recorded by the official tester, in the 
same manner as it would undoubtedly be if it were below the 
standard. 

It has been contended, that, if it is necessaiy to have different 
burners to test different qualities of gas, such burners are nn- 
EUited for consumers, and that therefore tlie value given to the 
gae by them is fictitious. A very little esplanation will show the 
fallacy of this doctrine, and at the same ' time strengthen the 
argument, that tlie full value of the gas should be noted whenever 
it exceeds tlie quality directed by law. 

All Acts relatiDg to the testing of gas distinctly state, that the 
gas shall be consumed at a stipulated rate, and shall equal a given 
number of candles. Now, if the gas is much richer than that 
required by the Act, and no proper provision made for recording 
its true value, it is, as shown in preceding experiments, very 
likely that a much leas value may be given to it than it really 
possesses. Nevertheless, the consumer reaps the advantage of the 
increase in quality, because he is not bound to consume a specified 
quantity per hour, but requires only to obtain from each burner 
n certain amount of light, so that he gets with a smaller con- 
sumption the full quantily of light prescribed by the Act, and thus 
economizes his gas by reason of its superior quality. 

A much belter test burner, however, than any hitherto 
exhibited may be formed by simply inverting the top of the 
burner, as shown in Fig. 8, and drilling the holes nearly through 
on one side, and on the olher cutting a circular slit or channel, so 
that it shall intersect all the holes. By this means, the column of 
dame would be exactly the same in thickness all round, aud the 
air would take equal effect upon all parts of the Jlame; ao that by 
merely diminishing the width and enlarging the diameter of the 
slit, bai'ners might be made to suit any quality of gas up to 20 
candles, without, at the same lime, causing too great a difference 
their measuremeiits. The supeiiority of burners of this descrip- 



tion ia thit they would justijr represent the value of gases varying 
from two to two aod a half candles. 

Fl. 11, (Figa. 1 and 2), are full-sized drawings of one of these 
burners. 

The best standard burner for testing gas ie, at tbe same time, 
the best burner for tbe consumer, sa the principles to be observed 
in the construction of both are identical, and may be stated 
thus;— 

That the quantity per houi* of gas it is made to consume shall 
be permitted to arrive at the point of ignition by an easy and 
regular flow, without eddies, and at such a velocity, that after 
passing through the holes or other aperture in the top, the 
particles of carbon contained in the gas shall not be driven out at 
tbe top of the chimney, until the oxygen of the atmosphere has 
had time to raise them to a sufficiently high state of incandesce ace, 
both to render them luminous to tbe fullest degree, and thoroughly 
consume them. 

That tlie quantity of air for the proper combustion shall be so 
regulated, that every portion of the flame shall receive a steady 
and uniform supply sufficient to support the combustion of the gas, 
but not in excess;" so that, on the one hand, the flame may not 
fork and give oflf unconsumed carbon, or, on the other, destroy the 
particles so rapidly as to evolve heat without light (like a 
Bunsen burner). 

That the top shall be unalterable by the action of heat or 
corrosion, so that the burner may be at all times in the same 
condition for the purposes of lighting, as at the time it was made. 

Any burner which does not fulfil these requirements, ia unfit 
for both the official tester of gas and the consumer; and here it 
will not be out of place to remark, that an argand burner, for the 
economical burning of gas, requires its regulating apparatus for 
the admission of air, as much as an argand burner for burning oil, 
more especially, when the gas to be consumed is rich in carbon; 
and therefore any attempt to properly consume gas, with advantagB 
to the consumer and credit to the manufacturer, by means of 



'Am parallel example of llif tftixt of air in excels, it may he njenliniied, that 
it tbe current of oxygen m the oiyhydrogcn lime liglit lie undnlr iucranscd, the 
lurainasily of ihe panicles of iime ninj- mnterially be redncod, the well-known brilliant 
white light berng only evolied with a proper Jiroporlion of the gai. 
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such bomers defective in thia re.°pecl, mu£t end in failure and 
consequent dissatisfnction. 

This ia the gist of the theory upon whicli the original in- 
ventors of the ai^and burner constructed their burners, and long 
subsequent practice has amply justified the value of their 
conclusions. 

As an example of a burner used alike fur testing gas, and aUo 
for its consumption by the public, the Bengel burner, adopted by 

- the municipal authorities of Paris as a test, is also that in most 

I general favour throughout France. 



Sizes of standard Burners for 7-Inch CMmneyB. 



Birmiiigliam — for 14 candle gas — ^Mark 14c. 

External diameter . . I'lO across top. 
Centre aperture . . 0'60. 
Diameter of lioles , . 0'05, 

Diameter of cliimney, 1| inches inside. 

Metal top — 15 holes — no regulation for air {see Plate 9). 

Used for testing gas at Birmingham and Hanley Potteries. 



Leamington — for 18 candle gas — Maik 18c. 
Inches. 

External diameter . . 110 across top. 

Centre aperture . . 0*60. 

Diameter of holes . . O'OG. 

Diameter of chimney Ig inside. 

\ Steatite top— 15 holes— perforated regulator for air (see 

Plate 9). 

Used for teating gas at Leamington, Warwick. 
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Sugg's pattern for 12 candle gas — Mark 12c, 

Inches. 
External diameter • • 1*10 across top. 

Centre aperture . . 0'44. 

Diameter of holes • • 0*06. 

Diameter of chimney, IJ inside. 

Steatite top — 15 holes — perforated regulator for air (see 

Plate 10). 



Sugg's Dr. " Letheby's model " for 14 candle gas — Mark 14c. 

Inches. 
External diameter . . 1-10 across top. 
Centre aperture . . 0*48. 
Diameter of holes . . 0*06, 

Diameter of chimney, IJ inside. 

Steatite top — 15 holes — perforated regulator for air {see 

Plate 10). 

These two last-mentioned boraers are generally in use for testing 
common gas throughont the principal towns of England and Ireland, 
in Australia, Calcntta, Bombay, Singapore, China, and in several 
cities in North and Sonth America. 



Sugg's " Imperial" model for 14 candle gas — ^Mark 14c. 

Inches. 
External diameter . . 1*10 across top. 

Centre aperture . . 0*60. 

Diameter of holes . . 0*06. 

Diameter of chimney, 1| inside. 

Steatite top — 15 holes — perforated regulator for air. 

Proposed by the parish of Marylebone for testing the gas to be sup- 
plied by the Imperial Gas Light Company. 
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Sugg's «« Dublin "—for 16 candle gas— Mark 16c. 

Inches. 
External diameter . • 1*10 across top. 

Centre aperture • • 0*66. 

Diameter of holes • . 0*06. 

Diameter of chimney, 1 J inside. 

Steatite top — 15 holes — ^perforated regulator for air. 
In use for testing gas at Dablin. 



For testing 18 candle gas the number of holes should be increased, 
because the diameter of the circle cutting the centre of the holes is so 
large that they are conseqaentlj placed too wide apart. 

Sugg's " New Model " for 18 candle gas — ^Mark 18c. 

Inches. 
External diameter . . 1*16 across top. 

Centre aperture . . 0*60. 

Diameter of race . . 0*01. 

Diameter of chimney, 1| inside. 
Diameter across outside of race, 0*90. 

Steatite top — circular race — ^perforated regulator for air. 
Proposed model for standard burner (jsee Plate 1 1). 
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These difficulties are small, compared with those which htve 
esulted from the introduction of paraffin and petroleum, for, from 
these oils a solid material is preparer], which, though inferior to 
sperm in msay points, is yet superior to it in iltuminaliD]r power, 
and it is incontestable that caadlea can be made with such combi- 
nations of Ktenrioe, wax or sperm, and petroleum, as lo possess all 
the eharacteristics of sperm candles, and yet be superior in 
illuminating power, while, on the other hand, the same materials, 
otherwise combined, are inferior. 

Here again the wicks vary, for, as a rule, these candles require 
wicks more tiglitly plaited and with fewer strands than those 
suitable for the true sperm caudle. 

In France, the standard is colza oil, burned, at a given rate, 
in a carcel lamp, of accurately defined dimensions. This, although 
inaccurate from the variations in the quality of the oil, according 
to the locality in which the rape is grown, is yet free from many 
of the sources of error insepnrablo from the English standard. 

Assuming, however, for the purposes of this work, that good 
average sperm candles may at all times be obtained, it will be well 
now to point out the beat way of working with them, so as to 
arrive at results ns nearly the truth as ]i09Bible under existing 
circumstances, showing, by the results of careful experiments, the 
errors which are possible, with a view to put the reader on his 
guard against them. At the same time it must not he supposed 
that the experiments quoted are exaggei'ated for the sake of ex- 
ample, for an examination of them will show that they may easily 
Lbe of every-day occurrence. 

^H The candles to be used as standards must be kept in a cool 
^^^lace, and covered up from the dust and air till they are wanted 
^tlor use. They should also be very hard, and rattle when shaken 
together. 

Kew sperm candles cannot be depended upon to burn well or 
give true results. From a number of experiments made with 
sperm candles it appears that, with the method of conducting ex- 
periments now adopted, there is an error whenever the consumption 
of the candle is above or below the prescribed 120 grains per 
hour, larger or smaller, according to circumstances such as the 
following ; — 

If the candle is hard, and has been kept in a cool place, the 



pnrticles of cjirbon contained in the material to be consumed detacb 
themsclvea slowly from the masa and allow the wick time to burn 
off short, so that, being properly supplied with sufficient air for 
perfect combuslion, each grain of Eperm consumed contributes its 
full [juutu to the illumiuating power ot' the whole, which is then at 
its maximum. But if the candle has been kept in too cold a place, 
and the room in which the experiment is performed is also cold, 
then the particles are too slowly delacheil, and receive too much 
air, resulting in the production of a minimum amount of light from 
the entire consumption. 

Similar effects to both of these are produced by differences in 
the size and plaiting of the wicks. 

If, on the other hand, the candles have been kept in a warm 
place, and used in a warm room, the result is diametrically apposite. 
Like effects are produced by dirt accumulated round the candle, 
which, being drawn into the wick while burning, cakes on it; ta 
well as by loosely plaited and large wicks. 

The endeavour to correct variations from th6 standard con- 
sumption, and to assimilate results obtained by defective candles to 
those obtained by good ones consuming exactly 120 grains per hour, 
in the usual manner by proportion, conducts no nearer to the truth, 
but rather the reverse. 

The following experiments made upon the same gas, supplied 
from a 5-feet gasholder, and burned in the same burner, regulated 
to an unvarying rate of consumption, will serve ns illustrations, 
premising that the results were corrected to the Parliamentary 
standard in the usual manner. 

50- inch I'hotomekr, 
Two candles, consuming at the I Birmingham standard burner, 
rate of 123*9 gra, per hour. consuming at the rate of 5 cubic 
I feet of gas per hour. 

Average of 10 readings of photometer scale . I2-03 candles. 
Illuminnling power of gas, connected to Par- 1 ,„ .- mj-nTT'o 

liamenlary standard ... J 1240 GAMBLES. 

2nd Experiment. 
Different pair of candles con- I 
Buming at the rale of 132'9 grs. Birmingham burner as before. 

Average of 10 readings of photometer scale . 12'40 candles. 
Illuminating power of gas, corrected to Par-) 10,05 CANDLES 
liamcntary standard . , , j ^-J o" t^ani/ijiso. 
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A comparison of the working of the two experiments will 
cleariy show the cause of the dispartlj in the results, which is 
1 -is caudle e, 

The average of the readings of the photometer in the first 
experiment u 12'03 candles for a consumption of 1239 graius of 
sperm per candle pei' hour; and in the second, 12'40 candles for a 
consamption of 132'9 grains per candle per hour: thus, 9'0 grains 
increase of sperm per candle per hour gave a total increase of -37 
of a candle, or 90 x 12-40 = lH-6 grains of sperm = '37 of a 
candle. 

Now, if these 111*6 grains had been consumed with an inde- 
pendent wick, it is evident they would have produced a Ught not 
ver; far short of a candle consuming 130 grains per hour. It is, 
therefore, oertatn that they must have passed off unconsumed, 
which was really the case, for the candles smoked, the wick being 
rather loosely plaited. 

Now, the higher rate of consumption giving nearly the same 
illuminating power as the lower, it is evident that no correction 
ought to be made; but as under ordinary circumstances it is impos- 
sible to know whether the full illuminating power is obtained for 
the quantity of sperm consumed, correction must bo made in the 
usual manner; nccoi'dingly, if the foregoing experiments had been 
performed hy different operators, the unsatisfactory i-esults above 
quoted must have been obtained. 

The second experiment was thus in favour of the gas; but a 
third experiment, made immediately after it, with another pair of 
candies, all other circumstances remaining the same, gave a very 
difierent result. 



Srr! Experiment. 



Two candles burning at the rate I 
of 100-5 grains per hour. | 



igham burner, as before, 
■ning 5 ft. per hour. 



Average of readings of photometer scale . I3'42 candles. 

113 CAHDLES. 



Illuminating power of gas, corrected tol 
Parliamentary standard . . / 



The difference between the corrected result obtained with the 
pair of candles nearest the standard (Istesp., 123*9 grains per 
. hour) and thnt obtained with the last pair is — 
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1st experiment . 12*40 candles. 
3rd „ . 11-20 „ 



1 -20 „ Difference, 10-33 per cent. 

Analyzing the experiment, we find a difference in the consump- 
tion of sperm between the Ist and 3rd experiments of 23*90 grains 
per candle per hour, whilst the difference in illuminating power, as 
shown by the average readings, is 0*59 of a candle. The average 
readings are — 

1st experiment . 12*03 candles. 123*9 grs. per hour. 
3rd „ . 13-42 „ 100-5 „ 

The deduction for the lesser quantity of sperm consumed in the 
3rd experiment should be practically 0*59 of a candle; thus, 
13-42— 0*59=12*83 candles. Now, referring to the 1st experi- 
ment, the result, corrected to the standard, is 12*40; making allow- 
ance for the possible error, and regard being paid to the fact that 
the pair of candles there employed consumed not 120 grains, but 
123*9 grains per hour, the real value of the gas would doubtless 
have been, with standard candles burning 120 grains per hour, 
12*50 candles. 

The correction of this last experiment by proportion is there- 
fore an error. 

It will thus be seen from what has been said how important it 
is that in all experiments for estimating the illuminating power 
of gas the candles made use of as standards should be well made, 
of good material, and be consumed as nearly as possible at the 
rate of 120 grains per hour; and that all experiments with gutter- 
ing or smoky candles, or with candles burning below the standard 
number of grains, should be considered unreliable — for it must be 
remembered, that every error in the standard being multiplied by 
the number of candles the gas is equal to, it follows that the better 
the quality of the gas the more the errors will tell; and as the 
tendency of legislation at present seems to be towards raising the 
standard of illuminating power, greater care than ever will have 
to be taken to avoid them. With regard to the question which 
has frequently been raised by experimenters, as to whether it 
makes any difference in the illuminating power per grain of sperm 
consumed, if the candles are allowed to burn in their normal 



I 
I 



«tate or snufied, it appears from Bome experiments made with 
candles both snuSed and unsnufied, that vhen burning at D bigli 
rate of consumption, and smoking, enuffing the wick just before 
thej' come into balance on the scale, is advantageous generally to 
the experiment, while, on the other hand, if done with candles 
burniDg at a lower rate, the rererae is the cose. It is, however, 
obvious, from the preceding remarks, that any interference with 
the natural burning of the candles must be very carefully done to 
be successful. Having then enumerated the most probable sources 
of error, it now remains to state a method upon which it is possible, 
under the present parliamentary regulations, to arrive at the truest 
result^ premising that, considering the errors which may arise 
with iond Jide experimenters not aware of the facts before stated, 
any results of observations upon the illumiuating power of gas, 
unaccompanied with the full particulars of the conduct of the 
experiment, ought to be accepted with caution, if at all. 



FIXING THE PHOTOMETRICAL APPARATUS, 
EVANS' SYSTEM. 

The room should not be less than 12 feet by 10 feet, well 
ventilated and free from draught, warmed by a stove or other 
method, and kept dry. 

The ceiling may be while and the walls papered. An office is, 
perhaps, the best possible photometer room which can be chosen, 
because it la generally in use, dry and marni. 

It is immaterial whether the pholoraeter is fixed in the centre 
of the room or against the wall, although preference would be 
given to the wall, because the bench or other arrangement to 
receive the apparatus may be more firmly fixed there. If the 
room has many windows, coloured blinds of dark blue, gi-een or 
purple, may be fixed to each window, in order to diminish the 
glare of daylight during the performance of experiments; these 
bliuds may be fixed outside the ordinary white or other blinds, 
only to be made use of with the photometer. 

At the same time, it is proper to observe, that the instrument 
does not necessarily require these adjuncts, being provided with a 
screen, but some experimenters prefer to check the daylight 
coming into the room; doubtless, if the experimenter stands in a 
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dull light, he is able to appreciate finer gradations of shadow, yet, 
a little practice and the use of a good disc, will enable any person 
to obtain good observations with these instruments even in sun- 
light. Notwithstanding, when the instrument is to be employed 
for the purpose of testing gas for the public, it ought to be 
provided with every appliance calculated to aid the official tester 
in his experiments, because, not being generally in the constant 
practice of making them, he does not possess that readiness of 
vision which is obtained by those making daily tests. 

A testing gas-holder to contain 5 cubic feet of gas would be of 
great service, because when the pressure is as low as five-tenths 
in the main, it becomes difficult to get a good test with any other 
burner except an argand, but a gas-holder ensures always a 
sufficient and uniform pressure. When this does not form part of 
a photometrical apparatus, its place must be supplied by a governor 
(dry or wet), regulated to one-inch pressure upon its outlet, other- 
wise an increase or decrease of pressure will interfere with the 
consumption of the burner, more especially when the photometer 
is being supplied direct from the station gas-holders. 

In all cases, where the photometer is supplied from the inlet 
of station meter, and the pressure is high, a double governor is 
best. 

A strong deal bench, 12 feet long and 2 feet wide, will hold 
the photometer and all its apparatus; the instrument itself being 
provided with standards to raise it sufficiently high from the 
bench, that the meter, governor, pressure gauge, and scales, can all 
be fixed under it. The height of the bench must be regulated by 
the opinion of the person who is going to use it, but, as a general 
rule, 3 feet is suitable for a person of middle height, t. «., the 
" sighting glass " will be about the level of his eyes. 

Another method of arranging these instruments is, to fix the 
photometer against the wall by means of light ornamental cast- 
iron brackets, and to group all the rest of the apparatus on a strong 
table or, still better, a shelf, secured to the wall — placing the pres- 
sure gauge over the meter and governors, which are at the back 
of the table, the front being used for weighing the candles and 
writing. 

Over the table, a small bracket may be fixed, with a copper 
consumer over it, of such a form that the inside may, whitened 



with common whiting, reflect the light down oa the table without 
permitting the raya from the burner to illuminate the rest of the 

room. In all cases, however, care must be taken Ihut the table, 
u[>on which the meter and governor are placed, cannot be shaken, 
either by walking about the room, or in any other way, else it will 
be difficult to keep the rate of consumption uniform. 

An ordinary pressore gauge is required to show the pressure 
on the main. 

A barometer and thermometer should also be included with the 
apparatus, and the state of the barometer and the temperature of 
the room should be noted at the time the experiment is performed. 



DIRECTIONS POE ASCERTAINING THE VALtTE OP THK 

1LLUMIH.\TISG TOWER OF COAL GAS, IN STANliARD SPERM 

CANDLE.S, BV MEANS OP THE PHOTOMETER. 

F. J. EVANS' SYSTEM. 
Select a 15-hole steatite-top argand burner, which will consume 
5 cubic feet of gas per hour without over oxydtzing the flame, or 
smoking, and which does not require more pressure than fonr to 
five-hundredths of an inch of water at the point of ignition to make 
it pass gas at that rate, fitted with a chimney of thin clear glass, 
of the height of 7 inches, and 1| inches across the inside, the glass 
holder being covered at the bottom with perforated brass of the 
size shown in plates 10 and It. 



before commencing an 
r dead gas is thoroughly 



Let it burn for a sufficient t 
experiment, to ensure that all the a: 
expelled from the apparatus. 

Light two candles, and after seeing that the rims of the cups 
round their wicks are level, leave them till they have arrived at 
their normal state of burning, i. e., the wick just turned at the top 
and burning ofi*. 

If llio rima of iJie cnps arc not at first lorel, the candlef, nfler being 
lighted, may ba ilighlly inverted nnd turned round, imti! the lops arc 
malted aren, after nbieh, lliey can be retunied to llieir holders, and left to 
to burning order. 
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attuchM and detached, without in tlie least deranging ttiem whilst 
biiroing, or they con be weighed without disturbing them. 

On the bar is a saddle-piece, running upoa Tour rollers, carry* 
ing a " Sighling Box," which la a small chamber made of sliglit 
mahogany, divided in the middle by a metal plate, perTontted in 
the centre witli a liole about 3^ inches diumeter, fitted with two 
brass rings, between which is held the disc of one of the kiads as 
described in page 61 ; nt the back of the plate are filed two 
mirrors, in a right-angled frame, so arranged that titc two sides of 
the disc are reflected in the miiTora; and thus the operator, when 
standing directly in front of the sighting box, can see both sides of 
the disc at once. 

The two ends of the box facing respectively the candle and the 
gas burners are pierced with two holes, so that the rays from the 
two candles and the gas-light may fall on the centre of the disc. 

Behind each of the lights, at a proper distance, so that their 
rays miiy aot be reflected, is fixed a blackened screen, made of 
pine, pninted with a mixture of vegetable black and turpentine, 
or light oil of petroleum, set with a little gold sise. 

In front of both candles and gas-light, astride the bar, are two 
other screens pierced in the centre, so that the rays of light from 
each end of the photometer may pass through to the sighting box. 

It. will be readily seen that this arrangement prevents the 
possibility of other light impinging on the disc than the direet 
rays from the lights to be compared, and thus a frequent source of 
error is eliminated from the experiment, as performed with other 
instruments. 

Tlie eyes of the operator are protected from the glare of the 
gas-light by a screen, not shown in the diagram, but which can 
readily be affixed to the two screens behind, and in front of the 
burner. 

Tlte rest of the apparatus consists of an experimental meter, 
fitted with a clock and an index, showing the hourly rate of con- 
sumption (as described in page 59), and a King's balance governor 
(as described in page 60). A pair of scales, capable of weighing 
to one-tenth of a grain, is fitted to receive the candle-holder, 
and weigh the candles whilst burning. 

The Corporation photometer in Jewry Street is, in addition, 
fitted with two very accurately -constructed dry meters, and one wet 





meter, capable of regiBtertng with the utmost preciHlon the gas passed 
through them. By a Gimple arrangement of four fourway-coclcB, 
any one of tlio two dry meters, or the water meter, may be 
instantly mude to register the gns consumed by the burner at the 
end of the photometer, without in the least interfering with its 
regulnlion. The reason why there arc three meters to this instru- 
nient is, because there are services laid in from three distinct 
companies who supply the City of London with gas; and to avoid 
any dispute as to the accuracy of any one of the meters used, 
another arrangement of fourway-cocks admits of tlie possibility of 
instantly changing them, so that tho gas from any one of the 
three oompaniea may be passed through any meters, according 
to choice. 

The fourth way of both systems of cocks permits either 
different gases or meters to supply a jet or burner fixed in the 
place of the candles at the end of the photometer, whenever it is 
desired, for tlie purpose of testing, directly, one company's gas 
against another, or for other expeiiments. 

Still further to ensure accuracy in his experiments. Dr. Letheby 
has provided himself witli a spare dry meter, of similar construc- 
tion with those before mentioned, which is at frequent intervals 
regularly connected in the place of oue or other of them, when 
sent to be tested by the Official Meter Tester for the City of 
London. 

FIXING THE PHOTOMETER. 

The room selected for the photoraeter-room should be not less 
than 12 feet by 10 feet, dry and well ventilated, and warmed by a 
Btove or hot-water pipes when necessary. The walls and ceiling 
Bhould be blackened with a preparation of Inmp-black and size. 

The bench upon which the photometer and apparatus are to 
stand must be fixed upon brackets against the wall, or otherwise 
ao solidly tliat the movement of persons walking about on the floor 
may not communicate any vibration to it. 

The surface of the bench should be blackened with the same 
preparation as the screens are coaled with, or covered with blaek 
cloth. 

The apparatus may either be fixed in one continuous line, or, if 
desired, the meter and governor may be placed on a return bench. 



If fixed in one line, the end carrying the meafioring, regalating, 
and weighing apparatus may be lighted by means of » small harma 
covered by & copper reflector with a dsrk top, by means of which 
the light may be rejected on to this portion of the bench without 
interferiDg with experiments being carried on, or a cock placed on 
the front of the bench, ready to the hand of the operator, may be so 
arranged that by turning it off, the light may not be quite extin- 
guiahed, but left burning low during the experiment. 

The pressure of gaa to the photometer must be r^ulaled by m 
governor or gas-holder, to an uniform pressure of Sve-tentha. 



DR. LETHEBY'S METHOD 

OF PERFORMING AN EXPERIMENT FOR ASCERTAINING THE 

ILLUMIKATISti POWER OF GAS BV HIS PnOTOlIETER 

AND APPABATl'S. 

Turn on the gas at the inlet of the meter, and fit on to the 
pillar at the gas end of the photometer any one of the 15-hoIe 
Btandnrd burners, described in pages 69, 70, and 71. 

Light the burner, and, roughly adjostiog it so that it does not 
smoke, allow it to burn until all the air has been got rid of from 
the apparatus and pipes, and the clear gas arrives at the burner. 

Meanwhile, examine tlie water-line of meter, and see that (he 
governor is properly in action and that tlie rest of the apparatus ii 
in order. 

Select a standard burner suitable for testing the gas, and Ht it 
a in place of the one which has been burning, unless that la itself 
I Eoitable. 

The ttandatd bucnen an amiiged to that the lapply of air to the ip. 
l«ior and exUmr of the column of flame ihall be luffident proper]; to 
Mniuine the itandurd quaaiity of gu, of the illutnintiling power marked on 
them, withonl lailio^ over the iqi of the glau or over oiydicing the flame. 
Should it he found that the fint burner, tried u direrled, doei not 
canHunfl ths gaa uccordiog to the nboTe requiruineaU, the n«xl in order 
should be Bubitiluled for it till the proper one ii found. 

Under no clreunuUncea should the gn* be Wiled for iiluminaling power 
ludeu it U properi J consumed. 

Having selected the burner, provide it with a perfectly clear, 
thin glass chimney, 7 inches in hcighl, and o^ "^ an inch across 
the inside. 



Select two eperm candles, hard and clean ; fix them in tlie 
cundle-holder, light, and bang them on the acales in Ibe manner 
ghuwn in the drawing of the photometer, so that they may get into 

burning order. 

Tbc coadk'B ore in burning order vheii thuy preii>ut lliu appearance 
tbowii in Fig. 3, plate ll,wIUi an even sbarp-edged cup all round the nivk, 
ctsan and eompitnitiTely dry. 

Candid burning with a round-edged eup, u ebowa in Fig. i of the tome 
plate, contain paraffin, and therefore mutt not be uacd. 

Adjust the rale per hour of the gas to the standard quantity, 
and stop the minute clock. 

Draw up the weight of clock, and bring back the minute hand 

Balance the conlra side of scales, leaving the candles slightly 
the hearier. 

Place one hand ready to slart the clock, and at the moment 
the scales exactly balance, start it, and note the position of the 
hand which shows the Iiourly rate of consumption of the index; 
afterwards record the positions of the other time and gas hands. 

Attach the candles to the photometer. If the candles do not 
appear likely to burn steadily — i.e., show any tendency to gutter, 
smoke, or vary in their illuminating power — the disc must be 
adjusted every quarter of a minute, and the readings of the 
photometer scale recorded; if the contrary, observations need only 
be taken every half minute. 

The adjustment of the disc ia made in the manner described in page 61, 
headed "Dise." 

Having continued the experiment for ten minutes, blow out the 
candles as the bell is struck for the last minute, and note the 
position of the hourly rate of consumption hand, and afterwards 
the others, as at the commencement of the experiment. 

Touch the wicks of the candles with a piece of sperm, to pre- 
vent them from smouldering off. 

Thii piece of iperm muBl be put into the candle pan before it ii 

Iwlanced; if the candlei are allowed to unoulder, it causei trouble in gelling 

Ibflin to bum properly for the next experiment 

Return the candles to the scale, and ascertain how many grains 

they have lost. If they have burned at the proper rate, 40 grains 

of material ought to have been consumed by the two candles. 
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Haltiply the oonsamption, in grains, of the two candles by 6, 
and divide by 2; the quotient is the rate per hour at which 
the candles have been boming. 

Examine the consumption of the gas. If the rate of 5 feet has 
been maintained, the hourly rate of consumption hand and the 
clock hand should remain together. If otherwise, divide the 
variation by 10, and add it to, or subtract it from, the standard 
rate, according as the clock hand is behind or before the gas hand, 
for in the first-mentioned instance the standard rate has been 
exceeded, and in the latter deficient. 

Corrections for variations from the standard rate of consump- 
tion by either gas or candle are made by simple proportion; or if 
the rate of the gas has remained constant, that of the candle alone 
having varied, then in a shorter way, by the use of Dr. Letheby's 
table, which is on page 91, by his kind permission, inserted. 
Should, however, variations have occurred in both, then Sugg's 
table, page 83, or those calculated from it, may be used.* 

See Farm qfEscpefimeni as exhibited on page 90. 



* PhoUmetrical Tables for correcting ExperitMnts to the Parliamentary Standards 
hy inspeoHon; by William T. Sugg, A.I.C.E. 
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4067 


5-063 


6-100 


7-117 


8-134 


9-160 


123 


1-0-Ju 


2050 


3075 


4-100 


3-135 


6150 


7-175 


8-200 


9-335 


124 


1-033 


2-0G7 


3-100 


4-133 


5167 


6-200 


7-333 


0367 


9-300 


125 


1-04-2 


2-083 


3-125 


4-1 fi7 


5-208 


6-250 


7-2'13 


8-333 


9-375 


126 


1-OSO 


2-100 


3-150 


4-200 


5-350 


6-300 


7-350 


B-400 


9150 


127 


l-05!i 


2-117 


3-175 


4-333 


5-292 


6-350 


7-4011 


fi-167 


9-5B5 


126 


1067 


3-133 


3-200 


4-367 


5-3M 


6-400 


7-467 


8-531 


9-600 


129 


1-073 


2-150 


3325 


4-300 


5-375 


6-450 


7-535 


8-600 


9-875 


130 


1-063 


3-107 


3-250 


4-333 


5117 


6-500 


7-583 


8-667 


9-750 


131 


1-092 


2183 


3-27S 


4-367 


5-158 


6-550 


7-642 


H-733 


9-825 


132 


MOO 


2-200 


3-300 


4-400 


6-500 


6-600 


7-700 


8800 


9-900 


133 


1-108 


3-217 


3-325 


4-433 


6-542 


6-650 


7-758 


8-866 


9-975 


134 


1-117 


2-233 


3-350 


4-466 


5-583 


6-700 


7-817 


8-933 


10-050 


135 


M3S 


2-250 


3-375 


4-600 


5-625 


6-750 


7-075 


9-000 


10125 


136 


1-133 


9-267 


3-400 


4-533 


6-0B7 


6-800 


7-933 


9-067 


10-200 


137 


1-143 


2-283 


3-425 


4-567 


5-708 


6-850 


7-993 


9-133 


10-275 


1311 


MSO 


2-300 


3-450 


4-600 


5-750 


fl-900 


8050 


9-200 


10-350 


139 


1-158 


2-317 


3-475 


4-633 


5-792 


6-950 


8-IO« 


9-267 


10-435 


This table is constructed so tliat, when the gas is burning at 


the rate of five cubic Teet per hour, the observatione of tlie hourly 


rate of burning of the candle and the illuminating power of the 


gas may be calculated into the alnndard value of 120 grains con- 




the first number (column 1), after the observed weight of the 


hourly conauuiptiou of the candle, by i> "-ved value of the 


gu, and the prodv 'ird candles; 





at the point of ignition of the Ataae should be excessively delicate. 
That the jet should be formed of a material unalteruble by the 
action of heat, damp, or wear, and which should be as much as 
possible a non-conductor of heat. 

To meet the first of these requirements, he made use of a 
King's pressure gauge, the dial of which was divided into tenths of 
an inch of water, each tenth being magnified to about three times 
its natural size; and to meet the second, he chose a jet made of 
porcelain. 

The regulation of the deliveiy of the gas was eSected bj means 
of a small cock with a long lerer, and uniformily of pressure was 
.intained by the aid of a very nicely constructed gas-holder. 

Added to this, the apparatus was set up close to a carefully 
arranged Photometer, so that the value of any given height of 
Hame could he ascertained with tolerable accuracy in terms of the 
wax or sperm candle. 

With this apparatus he made a large number of experiments, 
[tending over two or three years, and it was to the experience 
thus gained and imparted by him to the present editor, that Lowe's 
Photometer owes its existence. The improvements upon the 
original apparatus mjide by the last-named were, the construction 
of a more delicate King's pressure gauge; the substitution of a 
smooth steatite jet for the porcelain one used by Mr. Lowe; the 
enclosure of the whole in a case with a glass front, so that it might 
in no wise be affected by the draught caused by the approach or 
breathing of the experimenter; and the system of gauging the 
height of the flame by means of two scales, the one engraved on 
the glass front, and tbe other on a piece of enamelled white glass 
at the bock of the box behind the jet. 

Subsequently to these improvements the original apparatus 
for maintaining a constant pressure has been superseded by the 
introduction of a small double dry Governor, which effects its 
object with great precision. 

A great number of these instruments are now in use in 
parts of the world, and the most eminent authorities 
have given their adhesion to the principles propounded by the 
talented engineer, whose name is so imperisbahly connected with 
the rise and progress of the science of gas manufacture and 
distribution. 
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Hang on the float so that it lalls from the left side of the 
wheel. 

Let the balance weight cord have one turn round the whe*.-I, 
and it will then bang close up to the \Theel on the right aide. 

Hold the n'heel with the thumb and finger of one hand, and 
shift the pointer (which ie loose on the shaft) with the other, till it 
stands at zero, taking care that it works freely. 

The Eteel centres, upon which the wheel workg, mast be kepi 
so that the shaft will work loosely between them. 

It is n«e>s8i7 once a day lo tnm off the inlel ind open tbe renl ceck, 
in order lo tfit u-bether lbs iDstrnmcat will >tan fnmi leni ; nod il tbauld 
aiwayA be put to zero if found imder or over. 

The alteration, if bdt, ii uinted either bv the CTaporaUon of the water, 
or hy the effect of the atnunphere upon the Soat line. 

Connect the apparatus with the gae, and adjust the double 
Governor in the following manner: — Turn on the regulating cock, 
and after weighing down the gas-holder nearest it, adjust the 
weight of the other one so that it gives a pressure of about 4 or 
5-tentha greater than will be required at the point of ignition of 
the jet — say one inch. This being done, release the first -mentioned 
gas-holder, and the inEtrument is then ready for use. 

If the inElnunent ii connected with a main liable to great rnrialionB d( 
preianre — ray from 4 lo H or froni S to 13 iorliet — aa additional governor 
must be Bxed on its iiileL 

3felfiod of ascertaining the Value of ike Jet in lerma of ike 

Standard Sperm Candle. 

Connect the instrument to the inlet of the meier belonging to a 

Parliamentary Photometer, f. c., one constructed on the Evans or 

Letheby principle, eo that they both may be supplied with gna 

from the same source. 

Ascertain the illuminating power of the gas by comparison wilh 
the standard candle in the manner previously pointed out; then 
r^ulate the pressure at the point of ignition of the Jet Photometer 
by means of shot or small weights placed in the pan of the gas* 
holder nearest the regulating cock, until the flame uttaios to half 
the height in inches of the corrected value of the gas in candles. 

Thus, for example, suppose the illumiuating power of ihugas is proved 
to be 13 cnndleB — then ndnpting ilie fonnuht just mentioned, the flmne 
should (taud at 6} inches. 
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room, and which ia a veiy inefficient means for the end in tw 
To enable the night and da; foremen by an instant Inspectio 
ascertain if the make of gas is of the standard quality, and to n6 
the engineer a ready means of knowing tiie value of the gas b 
sending out of his works to tLe public. 

To these uses Kir. F. J. Evans has lately added another, which 
is not the least important of the whole, and which is to give, when 
connected with the experimental apparatus, the approximate value 
of every portion of a charge of coal under the process of carboni- 
cation, thereby enabling the experimenter testing samples of coal 
for gas-making purposes to estimate with tolerable precision the 
amount of really good gas to be obtained from each.* 

t may be interesting to many readers of this work to know 
that Mr. Claudio Gil, Engineer of the Barcelona Gas Works, 
a, who will be favourably remembered as a visitor to some of 
the largest gas producing estoblisliments in England, has made 
known to the editor a method of ascertuaiiig the speciGc gravity 
of coal and other gases as compared with air by means of the 
Lowe's Jet Photometer. 

This method is as follows; — 

He fills a 6-ft, gasholder with gas, and after allowing it to 
Btand for a short time so that it may acquire the temperature of 
the room iu which it is placed, he allows its contents to flow away 
through theunlightcd jet of the Photometer at a constant pressure, 
until the gasholder is empty, carefully noting tlie time required to 
.perform this operation. Then immediately introducing suffi- 
cient air, he lets it blow away to clear the fittings of gas, after 
vhich he fills up the holder with air, and allows it to fiow away 
in the same manner as the gas, also noting the time required for 
its escape. 

Prom these data he determines the specific gravity of the gas 
lie makes, without having occasion to correct for temperature or 
pressure of the atmosphere. 

He also states, as the result of his esperieoce extending over 

* When the Jet PBotoniflfr i'b fniployed in this mnnner, il is neceijarj la aller 
the orrangEnient for lUo tujiplj 'if gan, by Inking it direct lo the squnre iiue upon 
which tbe jet reels, and So doting the oiifice which conveye the gns from the bcidj- of 
th* preMiire auagc lo it, that the prewurc miiy he conimunicHted la the tuifece of 
"'-- -ralfr without allowing the miied gaa eontsined in ihc low(c thamlKr to nSitt 
which jaaKa ont at the jet. 
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some oonnderable time, that it is a much better pnetieal tot rf* 
specific gravity than any other he has tried, and that he mtkaw 
of it constantly with saccess. 

The editor regrets that the conduct of what are genenUy ( 
sidered more important experiments relating to other portkos 
this work, has prevented him fh>m extending his infonnttioi 
upon the subject of specific gravity; but he hopes, in a fiitiin 
edition, to be able to give more complete details upon this head. 



KIRKHAM AND SUQQ'S SELF-REQISTERINQ 

PHOTOMETER. 

The following extract, taken from page 38 of the first editioB 

of Gm ManipuUUum^ originated the idea which lias resulted in 

the manufacture of the above-named instrument; and oppoole 

this page will be found drawings (Plates 15 and 16), showing the 

mode in which the apparatus is constructed, so as to combine witlun 

itself all that is necessary for completely performing the experiment 

for which it is intended. 

^ It is very much to be desired that a self-registeriog photometer should be c(m* 
strocted, on a principle similar to the apparatus employed by Mr. J. Glaisher, of tlie 
Greenwich Obsen*ator}% for recording the variations of the barometer and thermo- 
meter. Mr. Glaisher causes a ray of light from a gas-burner to impinge upon the 
surface of a sheet of iodized paper (similar to that used in the calotype process), 
attached to a drum which revolves once in twenty-four hours. A mark is produced 
upon the paper corresponding with the heiglit of the mercury in the tube of the 
barometer or thermometer. A somewhat similar apparatus might be used to record 
the length of the gas £ame in the jet photometer. If the image of this flame were 
recorded upon a register paper, as indicated above, its apex would trace a certain line, 
which being referred to a standard line, as in the well-known registering pressure 
gauge, the illuminating power of the gas for every period of the twenty-four hours 
would be recorded, and an infinity of labour saved to gas engineers and others 
employed in making observations by the Bunsen photometer.^ 

The following paper, in which the apparatus and method of 
working are fully described, was read by Mr. Thomas G. Barlow, 
the able Editor of the Journal of Gas Lighting, Vice-President of 
the Association of Gas Managers, at a meeting of that body held 
in St. Martin's Hall, May 24th, 1866, when one of the instruments 
in working order was exhibited; and the reader cannot do better 
than refer to that to obtain a thorough knowledge of the apparatus. 
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The paper, which is b^ permission printed i 



DESCRIPTION OF A SELF- REGISTERING PHOTOMETER. 
The lubJMt on which I propoH lo offer a few cbierTalioiu ii the application of 
of ihe moit brilliant discoTciica of ibe age, pbolDgrephy, to phaiomf try in iDch a 
dues a pcimBJient mid accuntte record of the illununnliDg power of 
gas, either ai it ia delivered into the (tat-holder or lu il iuuet from the ga*-wariu. 
ndcbted for the inatmniDnt by which these remlti arc obtained, to tbe 
lahouri of Mr. Kirkham, of the Imperial Qai Worki at Fulbam, and 
Sugg, of WeinninMer, who, aided by Mr. Glaithec, of ihe Royal Obwrviiloiy, 
Greenwich, have for eume time been engaged in perfecting in it« delaila the 

□ow hboiil to dcflcribG. 
The " durability tcit," as it ii UBunlly called, bat long been a fiivauiite mod* 
omongat Scolch gaa engineer! of delennining the comparative rnlae of coal giu, bi it ia 
well kaoim that tlu: length of the Hame iiiuing fram a jet of giren npcrtate will vary 
according to the quality of the gaa, tbe richer gas gtviog the longer Harae, and (be 
gas the reverse. Dr. Kyfe, of Aberdeen, availed himself of lliii effect many 
igo, to make the earliest recorded observations on the compnmtive »alue» of 
It ga»e», by determining Ihe time during which one cubic fuot of gas would 
ip)ily a jet flnme of a certain uniform heijiht; nnd, till the Duneen [ihotometcr was 
jierleeted by Mr. Alfred King, the durability test wai the one mnit relied upon by 
gai engineers in making snch compariMOB. 

" Boiue yearsago, Mr. George Lowe auggfelcd a method of toting the illuntinating 
power of gas, by mcana of a jet burning from an aperture of known tiit, and iasuing; 
under a known pressure, and he nlwnjs found, by the results of a vast nnmber of 
eipcrunenla eitending over several yeart that the jet he hod employed gave the 
■aroe height of flame for the same quality of gni, the preaaure at the point of ignition 
alwaji remaining constant at n.v-tentha of on inch. 

" 1. The aperture of the jet was gauged, by means of n wire esneily fitting 
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" 2. The pressure at the point of ignition was regulated lo bii-l«nth> of an inch, 
the proHuro being ahown on a King's presan re-gauge delicately babncod, each teolh 
being magnified to about foar limes its m-ilural size. 

^" 3. The height of the flame was measured by means of a wire fixed at (he back 
the Sams nnd bent over at Ihe lop, so tkit when Iho flnme reached the height of 
iechoB, it just touched the wire. 
"By nearly eimnllancBUS obiervalions taken by the bar photometer npon lite 
Hine gas, he established the value of a 6-inch flame from the jet to represent 12 
candles when the gui was consumed in an Argand biuner al Ibe rate of a feet per 
hoar, and he found that wlien the gas rose in illaminating power to 13 candles his jet 
was just bulf an inch longer tluui ttie wire standard; and, on the nihcr 
to 1 1 candles, it was as nearly as (Mssiblo half an inch shorter. 

" Lowe's jet pliotouieter was subsequently modified by enelnsnri- of tl 
the aubBtilntiuu oCn more delicate presEurc-gauge, cnpable of show 
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iBck ofvBtcr, fior tKe onr be g f i kytd , md,iiiitflaiol' tlie vire,ata]eatlM^eljet 
— iiiifiiwiiliiift to ■Botber Kile xntcbrd on tbe g^Mi laTiBg as door fixed in front of 
tbe )n. Tbc«r photcaDcicn bare nov beeoBr rcfr goMnllj kwnm, and tbe tbeoiy 
aaoertrd br Hi. Love bu been foand to be ai aearir as poMible eonect in pnctiee. 

** Tvrdve BMntb» miro tbe idea ttradc Mr. KiiUuaa tbat tbe indications of tbe 
pbotoneUT aigbt be recorded tbrangbont tbe boon of tbe daj and nig^t bj means of 
pbfrtapni|thT. and tbus lie made to give as it were a diart of tbe illnminating ytlne of 
tbe gu soppUed to tbe paUic or nade daring eacb boor's wofking. Mr. S^gg wmo- 
dated bimself vitb bim, and tbe result of tbeir united Ubonrs is the registering jet 
pbotoDeter nov before too. 

** A close box, rectangular on plan, to m-bidi no ligbt can enter wben tbe door is 
dosed, excefit tbrongb tbe vindo vs, filled in witb red-coloured g^aas, is fitted on ooe 
of iu sides witb a jet pbotometer, and on tbe opposite side witb a pbotogrsphie 
camers. The badi of tbe pbotometcr is fitted witb a piece of brass, baring a slit in 
it about an eigbtb of an incb wide. Crossing this slit extemallT, at certain intervals 
from bottom to top, are pieces of wire, intended to produce tbe lateral maiks upon the 
regifftering plate where affKted br tbe light of tbe illuminating power jet. A short 
distance below tbe lowest of the wires a prism is fixed in a Tertical position, in the 
same line with tbe jeL This prism is also prorided witb wires phoed latersllj 
across it, and tbeir use it to produce the lateral lines upon tbe r^jistoii^-plate on 
tbat part where tbe pressure at tbe point of ignition of tbe jet is recorded. 

** These wires are fixed at regular iutenrals, and tbe distance between each corre- 
q>ond« to one>tenth of an inch of pressure. The hose line is at tbe top, in order tbat 
the distance between the jet registrations and the pressure registmtioos should be 
constant, and for coDTenience. 

" The pressure on the illuminating power jet is maintained by means of a double 
goremor, and a very delicately-balanced King^s pressure-gauge is provided, through 
which the gas flows to the jet, so that the least variation of pressure, even to less 
than the 1 00th of an inch, is plainly perceptible. The imp(»tance of tbese arrange- 
ments will be immediately perceived when it is considered that the entire success of 
the experiment depends upon the gas being made to issue at a imifbrm pressure. 
The {n«ssure-gaage is also provided witb an apparatus for altering its water level 
without opening the door of the photometer. This is simply a solid plunger closely 
fitting to the inside of a cylinder, the middle of which is level at the true water line 
of the pressure-gauge. Above the plunger is fixed a screw, which either raises or 
depresses the plunger, and produces a contrary action on the water line of the 
pressure-gauge, so that the pointer can be brought to tbe zero point with speed and 
accuracy. If it were necessary' always to open the door to do this, the sensitive 
plate might be spoiled by the action of daylight or strong gaslight 

^ The jet having been turned on, lighted, and adjusted to its proper pressure, 
shines through the aperture at its back, so that its image is clearly reflected through 
the lens on the registering -plate, the lateral wires showing its height. 

^ These indications would, however, he quite useless unless it was certain that the 
pressure had been maintained at its proper standard, and to give this information the 
piism before spoken of is employed. 

'* A light adjusted by means of a double governor, similar to tbe one employed 
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fill rejpilatiag Ihe preuore on tlie jet, ia made to bum in nuti a pauluiii thai iu nji 
Biay £tll npon the «de of the pHnn, nnd, by REnetiati, put tbrough it, ihrenng iu 
aji on to the leni of the camera, by trbkb it it in lam tnuumittnl la (he tcniiti's 

"la order to ihoir what presniro ii indiEaled by the pointer on the di*l of the 
liie fnllowin); meaiu its made uM of: — 
the ahnft which cuniM the painter i> Sied h small gn»T«i vhed, riactly 
>g in diameter la nnutber and a aimilnriy groared wheel, fiicd Bboul 
idcheB above and perpendicular to it, so that a light iiLk line mny run over them 
both. Thii line, being attached to one part of the periphery of the lower wheel, is 
made to poaa over the upp?r one, and la remaining end ia tied on to a nnall weight; 
thai the motion of the lower wheel i> exactly imitated by the upper one, and tbii 
upper one being proiided with a cycloid (iied to its shaft, it follows tliat any porlion 
of H rerolutioa of the main shaft of the preuare-gange niny be made to cut off the 
U he ihining through the prism to any d^nie, according to the rising or falling of 
water in the pressiire-gsnge cittern. 

" When the gae is shut off from the preniure-gauge, and the pointer bllt to lero, 
the cycloid cnte olT all the rays passing through the pHim, except a thin line, which 
ia the b-nse line shown on the plate. Any alteration in the thickaen of this liae, will 
show whether the painter was abore or below zero, and exactly how mooh to the 
100th of an inch; and when the jet ii lighted, how mnch pressure is on it, for there 
will be as many spaces as there are lUUu of pressure ahowa on the gaage. In order, 
then, to get a satisfoclary plate, the photometer-jet should not t>e lighted for one hour 
at stardng, so as to give the prcsiure-jet an opportunity of recording its base line; 
and the photometer- jet should be turned out on the 33id hour — i.e., eleven o'clock — 
to show that (he water line ot tlie pressure-gauge has not been interfered with, or if 
from any cause whatever it has varied, then to what entent. The adjustment of the 
>Qclaid con easily ho nude when the photometer-jet is turned olT, by means of the 
. mirror hied in front of the prcssme-gauge opposila the lero line. 
At such a distance from the back of the jet photometer as will he suflicient to 
produce the image of the jet and prcEinre-gauge quarter full size opou the sensitive 
plate ia fixed a No, 3 Ross's lens, with arrangements tu eiutble it to work with a 
power, because nlthoagh the image it lias to reproduce it shining directly 
on to the lens, jet the actinic power in the gas flame is so small, that without such a 
lens the rays would not have time to affect the silver on the ptatc sufficiently to make 
Jt good negative during the time occupied by the pUte in tmversing the point where 
t Ae image fntls. 

' " Withm iJie focus of this luns is laid down a brass mil, and upon Hint the slide 
Containing ^e lensttirc plate is mode to roll hy means of a small lever clock fixed 
immediately above the slide, and gearing with it by means of a rack ou the slide and 
a toothed wheel on the dock. A simple Hrmngement of n lever with a roller on it 
working into a groove cut in the top ^ ihe^tUde wrrw j By fyiaect it with the clock 
and keep it in its plane. From th*- """ ""-e stretched wires 

which divide the plalo into 34 ' -.j point nhere 

the images of the jet and pTM 
DO the ^tfi, producing At rt 
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** Between the jet and the preasore-gaage on the photometer side will be ieen a 
gmall pritm illuminated by the rays of the pressure-jet, and the image of this prism Calls 
on the sensitive plate between the base line of the photometer-jet and the base line 
of the pressure-gauge. The office of this prism is to illuminate the stencilling-plate 
cnrr}'ing the numbers of the hours and the date of the month and year during which 
the record it made. 

** The plates made use of for obtaining the information required are those known 
as Dr. Hill Norris^s dry stereoscopic plates, and they are prepared in the following 
manner: — A clean glass plate is coated with ordinary iodized collodion, and immersed 
in a bath of nitrate of silver. After remaining some minutes in the bath, in order to 
allow the silver in the bath to form the iodide of silver upon the glass plate, by com- 
bining chemically with the iodine contained in the collodion, it is withdrawn, and 
washed upon its surface with a small quantity of distilled water, in order to remove 
any free nitrate of silver which may be floating about on it. After standing for a 
short time to drain, it is coated with gelatine, so as to secure the iodide of silver, and 
prevent dust getting to the collodion film. 

^* These plates, when dry, are sensitive to the action of light, and must be packed 
away in a dark place, or in a place where no light can fall upon them except through 
the medium of a red glass, through which the actinic power of light will not pass 
at all. 

'* Now, although the collodion film while wet would be readily affected by the 
rays of a candle even, yet when prepared for dry plates it is not possible to make 
them retain their sensitiveness to such an extent, and therefore it is that a lens is 
required whose chemical power shall be as great as possible, so as to act upon the 
plate in the shortest possible time. 

** The process of developing the plates after their exposure is as follows : — When 
taken from the slide no mark is perceptible upon the plate, because although the 
silver contained in the film is changed in its nature by the action of the light, yet the 
eifect of this change will only be apparent when it is brought into connexion with 
some organic substance which shall in combining with it change its colour, at the 
same time leaving without change that portion of silver not touched by light. 

'* The substance most easily and inexpensively employed for this purpose is gallic 
acid, of which a solution is made by simply filling a bottle with distilled water and 
throwing into it some gallic acid till the water is saturated, ensuring always that 
it is so by taking care that some grains remain at the bottom of the bottle. 

^ To make this solution with cold distilled water it is requisite that the water 
should remain in contact with the acid at least 24 hours. Two ounces fluid of this 
solution is poured into a glass dish, and to it is added 1 5 drops of a solution of nitrate 
of silver — ^20 grains of silver to one ounce of water. Into this the plate, after being 
taken from the slide, is immersed, care being taken that the immersion be done bo 
that the solution conUiined in the dish flows over the plate immediatdy, witlumt 
leaving any dry places. «J 

*' After about a quarter of an hour the image will be seen npoa the pifttoi or 
photographic language, * the image will develop itself in all its detalb 
influence of the developer.* It will only then be necessary to incret 
or, in ordinary words, to make the image blacker, by adding about 
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the nine Bolulion of lilver U the dcTelopinn saluliaa in tfie In;: iboot ■ qiwWr of 
nn hour or 20 minutei will be quite lolficient, and if it i> not nquircd to ptiot fna, 
tho pinle nuiy lie iraihed with a little vntrt and nlloirtd le djy. 

"To UK the plate for copying, it ii fint neEentrj to remore tho lodidf of ulref 
whicli hns been unalTecIed, and thii ii doui' by iiumcning the pUte in a belli of hypo- 
sulphite of soda or cyanide of potauium, both of which will rouusc tbr iodide not 
touched hy the light, wilboDt in the Icul injoriag the pictnn. Tho pUle ihould 
then be varnished to protect it from injury, and thii is done nmply by ponring > little 
pcBpaied rnmiah on to the glois n b> to cover it, nnd Ipiling il run off into ibe hottlc 

** The pnpcr for printing upon ii that known oi ' papier Saxc»* and it prepared 
Bomcwhnl in the following iiiiinner: — A piere of paper is floated on a solution of 
vhlonde of hnriutn, aad nfierwardt npon a solution compoied of diatitlrd water and 
white of egg, which givei it a giaxed [Lppearance. 

" Prepared in Ibis way, it ib to be obtained of any photographic ehemiat; and in 

this form it it quite iniensllire lu tlie action of light, and lo prepare it for printing il 

it only neceiiaiy to float it on n hnlh of niltnte of lilrer Hlulion, coniaioing about 60 

or GO gnuDB of nitrate of iilv«r to one ounce ofdiitillrd water, and hang it up by one 

comer in a dark mooi or box till it ia dry. When dry it ii laid on the negallTe 

with the prepared »dc of the p:iper being and tonchiiig tlie bee of the negative. 

_ Soth arc ihea put in a printing- frame, and expoaed to the action of daylight or ann- 

Ijjhl till the edgei of the pnjjcr become quite hronxed. Tliea the p^qier ii remored, 

d nfler being well washed willi comnion water In remove any untouched filver 

BliUcb il wlnbb?, leaving behind on the peper lliat poitian of silver upon which tb« 

Iqtht has shone, which has bccouiD inioluble, it il imin<?rBed in a hath of distilled 

ling a imalt portion of chloride of gold, which lias the property of giving 

A lonB of either deep chocoUtc brown or block, according to the quantity of the gold 

faiBplayed and the lime during which it has been allowed to remain in the bath. It 

li than token from this bath and unmBtKd in a bath of hyposulphite of sodii till the 

pipir appenn clear upon holding np to the light, after which it is thrown into bnl 

owed to remain till all the hyposulphite luic b«en dissolred out of il and 

iboioughly removed. Should any remain it will crystallize npnn the paper and finally 

Toj du) ptctnn. 

" This process, although when deuribed at length appearing complicated, Is in 
f eitRmely simple, and such as miy be performed by any ordinary pcrwn 




with a few born 






• In the developiDBnt of the phile it will In pmclice, liowover, only he necessory 

the plate in the developing hath and allow it to remain shut np in the 

a ibne; no harm would result if it were left nil day in thii bath. 

It il, of caorac, large eatuiiUsUuieuts only that can avail themaelvel of each 

the. chief practical value of which w to disprove by unqucilionable 

agimlora who balntually miueprewnt, or nnikil- 

illuminatine power nf gaa, and who obtain aotne 

unler-csiKTiments can be prodowd to 



104 

Tlie inetrament from which the drawings are made is fixed at 
the Fulham station of the Imperial Gag Light Company; and the 
lithograph Phite 17 ia a copy of tlie photugrapbic register of the 
illiiminnling [wwer of the gas supplied to the public from that 
sliition during the hours of the day and night, lOlh and Ilth of 
Way, 1866. 

It is fair to state that the quality of the gas was made to vary 
more than it otherwise would hove done^ for the purpose of show- 
ing the delicate action of the iaslruraent. 

The espianation of the diagrsm is as follows; — The lines nt the 
bottom show the pressure under which the jet was burning, and 
each line represents one-tenth of nn inch of water. The thick 
white lino at the top ia the base line, and the mark under 12 on 
the left hand, and that under 11 and 12 on the right hand, show 
that the pointer of the pressure gauge was at zero when the expe- 
riment was commenced and stopped. The whole of the pressure 
register shows that ihe jet wits burning during the whole of the 
experiment under a pressure of aix-lenths, without variations greater 
than the 100th of an inch. The upper part ia the photograph of 
the flame of the jet, one quarter full size; and in this particular 
instance the flame reached the height of 7 inches when it waa 
equal to 14 candles, 6 inches when it was equal to rather more 
than 12 candles, and a little over 6^ inches when it was equal to 
13 candles. 

The vertical lines are the liours. 



TAR AND AMMONIACAL LfQUOR. 

The quantity of tor and aramoniacal liquor in the coal will be 
ascertained by running off those compounds from the g brass cocks 
in the condenser. Both vary much in their character, according 
to the quality of the coal and the temperature at which it has been 
distilled. If the retort is worked at a high heat, tlie tar ia neither 
so large in quantity nor so good iu quality as when a low heat is 
employed. The hquor from bituminous coals contains generally a 
great deal more ammonia than that from the Caunel or Boghead 
seams, but Ihe lar is not nearly so rich in hydro-carbon componnds, 
and ia specifically heavier than that obtained from those aourcesi 






T ' , ' 




The strength of the ammoniac&l liquor ii geatnUj d 

the following manner: — tlie value of the I 

quantity of commercial salt it is capable of prodocin^ and in order 

to ascertain this, e 

liquor till the solut 

dening bluii litmus 

per cent, acid," ai 

pound of strong sulphui 

with water till the solution n 

gravity of which will be found to be loss's. 

vessel, divided into sixteen exactly equal 

parts and graduated accordingly, be filled 

with this test solution, each divi 

represent one-sixleentb of a pound, or one 

ounce of sulphuric acid. Such an instru- 
ment as this is called an alkalimeler, and 

is represented in the adjoining iignre. Fill 

the nlkalimeter to the line marked zi 

animoniacal liquor, and pour it into a dish; 

wash out with clean water, and pour the 

washings into the dish also. Now fill with 

the teat acid to zero, and pour into the dish, 

carefully stirring up the mixture at the 

same time with a glass rod. Note the poiut uf Hturatioo, which 

will be ascertained by the mixture slightly reddening litmus paper. 

Read off the number of ounces of teat acid poured off from ihu 

alkalimeler — say six ounces, or six divisioni rather — and tlilt will 

represent the strengthof the liquor, which will be called "lix-ounco 

liquor" accordingly. 

It is necessary to test this acid solution occuionally, nut only by 

iis specific gravity — which ought to be 1008*2— but olno by aalu- 

rittion with carbonate of eoJu. The carbanat<-. of sodn of commerce 

is taken and thorouglily dried at a red heat bo ni lo drlvu off all the 
of tho proper strength, 
grains!^ thin dry lair, 
the soluUpn is rendered 
liangdJ to 
tntrnl, tho 





titrate of potash as long aa deflngration continnes, and then allowed 
> remain at a bright red heat for some minutes ; b^ this meAiu 
le sulphuFct of sodium is rapid); converted into the sulphate of 
soda. The ladlu ie now allowed to cool, when the salt id to be 
dissolved by means of Loihng water. This solution muU now 
be filtered in the usual way, and then saturated with nitric acid. 
A strong solution of nitrate of baryta is next to be added, when a 
precipitate of sulphate of baryta is thrown down. This must be 
collected on a filter paper, previously weighed, well washed with 
boiling distilled water, dried and weighed in the usual way. For 
every 117 grains of salt so obtained there would be 16 grains of 
pure sulphur; and knowing these proportions, the quantity in 100 
grains uf coal or coke can be at once calculated. 

To find the sulphur passed off in the volatile matter of the 
coal, it is only necessary to treat the cuke obtained from 100 grains 
of coal in precisely the same mnnner as that iudicjitcd above. The 
quantity so obtained is to be deducted from the previously oscer- 

Ciuantity in 100 grains of coal, and the remainder will 
t the sulphur volatilised during the process of distillation. 
oi 
a 



HEATING POWER OF GAS. 



In consequence of the very general use of gaa stoves for 
yienlinary and warming purposes, it may be as well to make a few 
remarks on the heating power of carburetted hydrogen gns, ntid 
the method employed to ascertain the exact amount given off 
during combustion. Some experiments were made in 18^2 and 
1853 by Mr. Lewis Thompson with this object. The apparatus 
employed by him was similar to the condenser previously refened 
to when describing the process adopted for determining thw 
quantity of bi-sulphide of carbon in coal gaa. A burner, con- 
suming at the rate of 10 feet per liour, was placed under this 
condenser, so that the heated air aiising from the gas in com- 
bustion was allowed to travel slowly through the worm, and thus 
he deprived of its sur^us beat. The following table exhibits 
the results of obsen^^^^hcried on in this manner for fourteen 
months upon the ga^^T^^h^hree of the M**»«nolitan fjas 
Compa So feet of '^"i Ni;w- 

castle "w, tl^ 
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Table of observations of the calorific power of gas wJun consumed in a 
burner at the rate of 10 ctdnc/eet per hour. 





Gratau of water eraporated hj one cubic foot of the Gas of the 




Great Central 
Company. 


City of London 
Company. 


Chartered 
Company. 


1852. 
May 


2,410 
2,667 
2,795 
2,608 
2,676 
2,634 
2,660 
2,625 

2,704 
2,892 
2,839 
2,514 
2,654 
2,726 


2,786 
2,823 
2,870 
2,792 
2,820 
2,745 
2,805 
2,829 

2,957 
2,910 
2,900 
2,896 
2,865 
2,856 




June 


2,858 
2,886 


July 


Auffutt 


2,810 
2,614 
2,702 


September 

October 


November 

December 

1853. 
January 


2,8-22 
2,830 

2,964 
2,901 
2,871 
2,888 
2,749 
2,733 


February 

March 

April 


May 

June 




Average 


2,671 


2,846 


2,817 







From this table it appears that 30 feet, or 1 lb. in weight, of 
gas applied, as above explained, will evaporate 12 lbs. of water. 

In a table, showing the heating power of various kinds of fuel, 
derived from Mr. Wicksteed's experiments, and published in the 
Ariizan Club Treatise on the Steam Engine, the water evaporated by 
1 lb. of the best small Newcastle coal is stated to be 8*524 lbs., and 
hy 1 lb. of gas coke 7*908 lbs.; but from a number of experiments 
made by myself in 1858 with the same object, I found that 7'36 lbs. 
of water were evaporated by 1 lb. of coke, and 6-39 lbs. by 1 lb. of 
Newcastle coal. These experiments were continued for ten days, 
and were made with an ordinary 6-horse Cornish boiler, set in the 
usual way. It thus appears that 1 lb. of Newcastle coal gas will 
evaporate, when properly consumed, nearly twice as much water as 
an equal weight of either coke or coal consumed in the mam 
explained above. 




GAS BURNERS. 

Id Teferring to tlie various kntds of bamen «Hd Str < 
it must be remarked that the pbottigauc power of Miflaai 

agent depeuda upon two i ililimiii j^mtHj ati a^aa 

guauCilff, I mean that the carbonaeeoot particks tt ik 1 
nomerous; by tnlataily, that XhKf are higbfy hialiil 1 

perfection of gas illamiaaiioa c 
constructed that these two ( 

This subject appears to be Ttrj little midentaad hj ■ 
makers. In fact, in some experioMBta made recently oa I5^«fa | 
Argand burners, obtained from diSereat riraMiibwtti, I bn« j 
found the iUuminatiDg power of 5 feet of gaa to vasy la ■ 
50 per cent., simply through ibe above taa SA m a wa 
properly attended to. The oxybydrogea Eme-^bt ii aa e 
example of I'nfenti^, the number of partida of caiboa beiag vajr 
small, bnt the temperalnre to which tbqr are boated rery hi^ ' 
The quantity of light from a solid wide oil lai^ ia great, but tbn i 
iatemily is small. So that there may be great tnlmtiiy wImtg lbs 
quantity is amoll, or great quantity where imUmibf is t 
straight wire be passed through the flame of a eoBmon candlei 
there will he no increase of illuminating power, because the 
flame of the candle already contains more solid constituents than 
can be satisfactorily heated by the hydrogen of the laUow; whereas 
with Newcastle gas, burning from an ordinary batwing or 6shtail 
burner, exactly the reverse is the case, because the hydrogen is in 
excess, and the solid matter deficient. Now if the colour of the 
flame from a well -constructed Argand burner be compared with 
that from a fishtail or batwing, it will be obserred that the former 
is brown and the latter blue, which clearly shows that the quantity 
of light exceeds the intensity in the Argand, whereas with the 
batwing or fishtail the intensity exceeds the quantity. 

If the light produced from 5 feet of gas consumed in a 15-hole 
Argand burner, be equal to 13 candles, the light from a similar 
quantity of gas, consumed in a batwing or fishtail burner, will not 
exceed 9 candles; and the reason the batwing burner gives so bad 
compared with the Ai'gand, is because there ia too 
b the attr i; oxygen in the lower part of 

' easily proved by causbg two 
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flamesy from bttwing or fishtail bumers, to 
another, and thos reduce the sarface in contaet 
phere by nearly one-half; for, by soch an 
5 feet of gas, consumed in a double batwing b 
same amount of light as 5 feet consumed in a 15-! 
the best construction. And, guided by these obserrai 
it follows, that every burner has a certain fixed 
which it will consume with the greatest photogenic 
and that when the gas is issuing from the bumw at 
pressure that the fiame is just upon the point of 
maximum effect for the quantity of gas consumed in that 
burner is obtained, because, in this case, the quanti^ 
tensity of the light are so advantageously balancec* ^ 
greatest illuminating power is the result. And, by the 
soning, I think it also follows, that the burner best snital 
combustion of coal gas, is one in which the openings are 
to prevent, as much as possible, too great contact with the 
lower part of the fiame — an evil to be carefully avoided, for 
one knows that an Argand burner, consuming 5 feet of 
not give so much light with a 9-inch chimney as with a 7 
because, with the former, there is a much larger supply of air 
with the latter. 

The laws which govern the discbarge of gas through 
orifices are exceedingly simple, and depend upon the specific grai 
of the gas, and the pressure under which it is discharged. 

The quantity of gas of the specific gravity of '413 discharge 
through a f jet, under the following pressures, was as the resu 
stated below : — 



\ 



Pressure. 



15 tenths. 
10 

5 

4 






W 



Gas constuned 
per Hour. 



31-0 feet 
260 
17-5 
16-3 



if 



n 



Pressure. 



3 tenths. 

2 

1 






Gas consumed 
per Hour. 



13Sfeet 
11-8 
7-8 



» 



Now, taking the standard quantity as 31 feet dischaige^ 
under 15-tenths pressure, and calculating the quantity disdia 
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pressoTe ms the squire root of that preMore, wc 
: reaolts :— 



r 


Gm coDinmcd 


f FrMMure. 


per Hoar j 


f 


by Ezperlment ' 


15 tenths. 


1 
31-0 feet. 


10 « 


26-0 „ 


5 n 


17-5 ^ 


4 n 


16-3 „ 


S n 


13-5 ^ 


2 n 


11-8 ^ 


1 n 


7-8 „ 



Gm eoaKVincd 
per Hftir 

br Cak-nlatlon. 



25-3 ficl, 
17-8 ^ 

11-4 ^ 
80 - 



jt appears that the number of cubic feet of gas dis- 
through a small orifice,* under various pressures, is as the 
root of those pressures. Similarly, it niny \>c !*hown, that 
itity of gas discharged through a given orifice, under the 
[pressures, is as the square root of its specific gravity. This 
»lished pretty clearly by filling an ordinary 10- feet gas- 
with gases of difi*erent densities, and allowing them to blow 
ider similar pressures. If the time is carefully noted the 
of the above statement can be easily verified. The following 
Its have been obtained from an experiment made in this 
iner: — 



mel Gas . 
mnon Gas . 



Quantity 
Discharged. 



10 feet. 

10 

10 






specific 
Gravity. 



1-000 
580 
419 



Time, by 
Obicrvation. 



195 seconds. 

145 

120 






Time, by 
Calculation. 



148 seconds. 
126 ^ 



The barometer at the time was 30*2 inches, and the tcnipera- 
re of the air 50°. The figures in the second column were, of 
arse, corrected to the standard temperature of 60°, and barometric 
essure of 30 inches. 

♦ It will be seen further on, in the tables of the qiinntities of gas disclinrged by 
binary gas burners, tliat there is a remarkable exception to this rule in the case of 
Awing and ^^^^ '^ **"nicrs, worU 'ow six or seven-tenths pressure. 
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In order to make this subject more dear, and to show tbit the 
remarks I have made are founded upon the results of actual ex* 
periment, I subjoin the following tables, which I think prove 
satisfactorilj the correctness of the observations I have made upon 
this part of the subject. 

The following experiments were made, in 1860, with common 
batwing burners, Nos. 3, 4, 5, and 6. The gas, at the time tested 
with a 15 -hole Argand burner, 7-inch chimney, consuming 6 feet 
per hour, gave a light equal to 14 standard candles. 



PreMore. 


Borner. 


Qoantity 
coDsamed. 


lUnminating 
power. 


Redaced 

to 5 feet per 

boor. 


Vahwof 
1 foot of Gas 
in Standard 

Candles. 


25 tenths. 


No. 3 Batwing. 


5-5 feet. 


6 candles. 


5-45 


1-09 


20 „ 


»» 


50 „ 


6 


60 


1-2 


16 „ 


>» 


4a „ 


5-2 „ 


6-5 


1-3 


10 „ 


» 


3-2 „ 


5-1 „ 


80 


1-6 


5 „ 


n 


20 „ 


4-2 „ 


10-5 


21 


25 tenths. 


No. 4 Batwing.' 


7-6 „ 


90 „ 


5-9 


118 


20 „ 


ty 


6-6 „ 


90 „ 


6-8 


1-36 


15 „ 


n 


5-5 „ 


8-0 „ 


7-2 


1-45 


10 „ 


»> 


4-1 „ 


6-75 „ 


8-2 


1-64 


5 „ 


ti 


2-8 „ 


5-0 „ 


8-9 


1-78 


25 tenths. 


No. 5 Batwing. 


7-9 „ 


10-5 „ 


6-6 


1-82 


20 „ 


t) 


6-7 „ 


10-5 „ 


7-8 


1-56 


15 „ 


>f 


5-4 „ 


9-6 „ 


8-8 


1-75 


10 „ 


n 


4-5 „ 


8-5 „ 


9-4 


1-88 


.^ „ 


if 


2-6 „ 


6-0 „ 


11-5 


280 


25 tenths. 


No. 6 Batwing. 


12-5 „ 


975 „ 


3-90 


0-78 


20 „ 


n 


110 „ 


13-5 „ 


613 


1-22 


15 „ 


91 


9-5 „ 


12-5 „ 


6-57 


1-31 


10 „ 


n 


7-8 „ 


11-0 „ 


705 


1-41 


5 „ 


»> 


5-0 „ 


90 „ 


900 


1-80 


2J „ 


M 


30 „ 


5-5 „ 


9-17 


1-88 



The slits in the burners, Noa. 3, 4 and 5, were now slightly 
W'aalaTgeA, hy passing a saw through them, when the following 
results were obtained:^ 





Burner wlih 
enkrgcd 8Ut. 


(lB«lttT 




Budaadto 


VtfHor 

KbolDtau 

lnStiii»l.rd 


TnaoK. 


Power. 


Bfelt 

ptr Uaai. 


2Stenllu. 


No. 3 Batwing. 


3-4 feet 


13-0 cnndlo. 


e-36 


1-37 


20 „ 




7-3 „ 


120 „ 


(119 


1-64 


13 „ 




G-5 „ 


110 „ 


B-46 


]-70 


'1" „ 




5-0 „ 


9-0 „ 


9-00 


I-BO 


5 « 




3-6 „ 


fl-5 „ 


903 


l-BO 


«S loitfas. 


No. 4 Batwing. 


0fe«. 


10-5 „ 


5-B3 


1-lS 


SO „ 




7-a „ 


lO-fl „ 


G-rs 


!'34 


15 „ 
10 „ 


;; 


5-0 ,. 


100 „ 
a-5 „ 


7-6!) 

n-so 


1-54 
I'lHI 


s ,. 




3-0 „ 


7-0 „ 


11 -GS 


8SS 


SSlenllK. 


No. ,i Bntwing. 


!l-5 feet 


12-5 „ 


(i-5« 




20 ,. 




B-I „ 


12fi „ 


7-71 


1-54 


10 I 


;; 


3(i „ 


1011 ^ 
7-0 „ 


B-33 

SI-72 


l'66 
1-H 



From an inspection of these tables, it appears thnC in each caaa 
hen the gns w.is issuing with the lowest pressure, that is, when 
ci-e was the least atmoapheric contnct with the lower part of the 
flame, the photogenic powernas greatest; and when the giis was 
issuing under the lieaviest pressure, and there was conscquenily 
the greatest atnioKpberie conlnct, the photogeuic power was least." 
This appears very conclusively in the sixth column, where, opiwwite 
five-tenths pressure in each table, it will he seen that the value of 
one foot of gns in standard candles far exceeds that of the same 
quantity of gas consumed under higher pressure. 

It has been already stated that the discharge of gas through 
email orifices is as the square root of the pressure, but that this 
does not hold good with fishtail and batwing burners below six 
or seven-tenths pressure; for, in this case, tlie discharge seems 
to he almost directly as the pressure. In order to substantiate this 
remark, I subjoin the following tables of experiments made with 
batwing burners, consuming both Cannel and common gas, and 
_alflo with a very large fishtail burner, consuming common gas only, 
itwing burner employed, and which I have called No. 1, is 

CE the abort! n-na nritlcn, n pamphlet haa Iweti putliblicd by MM, Aadouia 
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made to consume 5 feet of Cannel gas ; and it will be seen that 
when that quantity is consumed per hour, the greatest value for 
one foot of gas in standard candles is obtained; and it will also be 
observed that such a burner is not at all adapted for the combustion 
of common gas. The fishtail burner is of very large size, and 
might well be compared with the double batwing burner, which 
gives a result equal to the Argand. In constructing the following 
tables, a pressure-gauge was employed on which the two-hundredth 
of an inch is easily recorded, and the most sensitive governors were 
used. The gas was tested, before commencing the experiments, 
with a 15-hole Argand burner, and was found to equal 14 standard 
candles. A jet of Cannel gas was now substituted for the candle, 
and, after each burner had been experimented upon, this jet was 
compared with the standard Argand, as at the commencement. 
Some small variations occurred in the illuminating power of the 
gas, which were corrected by adjusting the jet so that the Argand 
burner always gave a light fourteen times larger than the jet. 
The results obtained, therefore, show the comparative value of the 
various burners examined. 







Ulnminating 


Value of 


Gas Consumed. 


Burner. 


Pressure. 


Power — 
Standard 


1 foot of Gas 
in Standard 














Candles. 


Candles. 


Actual. 


Calculated. 


Newcastle Gas. 












Large Fishtail. 


10 tenths. 


15-64 


1-70 


9-2 feet. 






9 „ 


15-16 


1-78 


8-5 „ 


8-73 feet. 




8 „ 


14-58 


1-82 


8-0 „ 


8-23 „ 




7 „ 


16-33 


2-15 


7-6 „ 


7-70 „ 




6 n 


18 66 


2-66 


7-0 „ 


713 „ 




5 ,^ 


15-98 


2-57 


6-2 „ 


6-50 „ 




4 „ 


14 00 


2-54 


5-5 „ 


5-83 „ 




3 „ 


10-50 


2-33 


4-5 „ 


5-03 „ 




2 „ 


7-87 


2-24 


3-5 „ 


4-10 „ 




1 » 


4-66 


2-02 


2-3 „ 


2-91 „ 


Large Batwing, 


10 tenths. 


9-5 


1-58 


6-0 feet. 




No. 1. 


9 „ 


8-7 


1-58 


5-5 „ 


5-69 feet. 




8 „ 


80 


1 54 


5-2 „ 


5-36 „ 




7 „ 


6-9 


1-53 


4-5 „ 


5-01 „ 




6 „ 


61 


1-49 


41 „ 


4-64 „ 




5 „ 


5-3 


1-44 


3-7 ,. 


4*24 „ 




4 „ 


4-5 


1-45 


31 „ 


3-79 „ 




3 „ 


3-6 


1-44 


2*5 ,, 


3-28 ,. 




2 „ 


2-4 


1-33 


1-8 „ 


2-68 „ 




1 „ 


1-0 


1-00 


1-0 „ 


1*89 „ 
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niuminating 


Value of 


Gas Consumed. 


Bomer. 


rressnre. 


Power- 
Standard 


1 foot of Gas 
in Standard 














Candles. 


Candles. 


Actual. 


Calculated. 


Newcastle Gas. 












Large Batwing, 


10 tenths. 


140 


1-70 


8-2 feet. 




No. 2. 


9 „ 


13-2 


1-71 


7-7 „ 


7-77 feet. ^ 




8 „ 


12-3 


1-73 


71 „ 


7-33 „ 




7 „ 


11-0 


1-77 


6-2 „ 


6-85 „ 




6 „ 


9-8 


1-78 


5-5 „ 


6-35 „ 




5 ., 


8-75 


1-86 


4-7 „ 


5-79 „ 




4 „ 


7-00 


1-79 


3-9 „ 


5-18 „ 




3 „ 


5-5 


1-77 


31 „ 


4-49 „ 




2 „ 


3-7 


1-68 


2-2 „ 


3-66 „ 




1 >» 


1-8 


1-50 


1-2 „ 


2-59 „ 


Cannel Gas. 












Large Batwing, 


10 tenths. 


2903 


6-58 


5-2 feet. 


i— 


No. 1. 


9 „ 


25-20 


5-04 


50 ,. 


4-93 feet. 




8 „ 


21-00 


4-66 


4-5 „ 


4-74 „ 




7 „ 


18-43 


4-39 


4-2 „ 


4-34 „ 




6 M 


15-50 


4-19 


3-7 „ 


402 „ 




5 M 


13-12 


4-10 


3-2 „ 


3-67 „ 




4 „ 


10-50 


4 03 


2-6 „ 


3-28 „ 




3 „ 


800 


4-00 


20 „ 


2-74 „ 




2 „ 


4-30 


3-30 


1-3 „ 


2-32 „ 




1 „ 


2-00 


2-66 


0-76 „ 


1-64 „ 



The large slot Argand burner used in the following table is 
constructed to consume 7 feet per hour with a 7-incli chimney, 
and the 15-hole Argand is the ordinary Parliamentaiy burner, as 
first made in 1859. 









Value of 


Gas Consumed. 


Burner 


Pressure. 


Illuminating 


1 foot of Gas 




(Newcastle Gas). 


Power. 


in Standard 












Candles. 


Actual. 


Calculated. 


Large Slot Argand, 


3*6 tenths. 


22-00 


3-14 


7*0 feet. 




7 -in. chimney. 


30 „ 


18-50 


2-93 


6-3 „ 


6-39 feet. 




2-5 „ 


14-25 


2-64 


5-4 „ 


5-83 „ 




20 „ 


12-50 


2-55 


4-9 „ 


5-21 „ 




1-5 „ 


900 


2-14 


4-2 „ 


4-51 „ 




10 „ 


550 


1-57 


3-5 „ 


3-69 „ 


15 -Hole Argand, 


0*4 5 tenths. 


14-0 


2-80 


5-0 feet. 




7 -in. chimney. 


0-35 „ 


10-7 


2-54 


4-2 „ 


4 -40, feet. 




0-20 „ 


6-8 


2-06 


3-3 „ 


3-33 „ 




009 „ 


2-6 


1-17 


2-2 „ 


2-24 „ 




0-06 „ 


1-0 


0-55 


1-8 „ 


1-82 „ 
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In comparing the results thus tabulated, it is very interesting 
to note the difference in the value of 1 foot of gas in standard 
candles when consumed in the largest sized batwing and fishtail 
burners. With the former, it is 1-88, with the latter, 2*66 candles. 
The fishtail burner, in fact, when the holes are of large diameter, 
is nearly equal to the double batwing, and very little behind the 
best results obtained from the Argand. 

The following table exhibits the best results obtained from 
each kind of burner. 









Value of 


Gas Consumed. 


Burner 


Preasure. 


Illaminating 
Power. 


1 foot of Gas 
in Standard 






(Newcastle Gas). 












Candles. 


ActnaL 


Calcalated. 


Large Argand Slot 


3*6 tenths 


22*00 candles. 


314 


70 feet. 


• • 


15- Hole Argand .. 


0-45 „ 


1400 „ 


2*80 


50 „ 


• ■ 


Doable Batwing . . 


3-7 „ 


13-75 „ 


2-75 


50 ., 


• . 


Large Fishtail .... 


6- „ 


18-66 „ 


2-66 


7-0 „ 


7 13 


Large Batwing, No. 2 


5- „ 


8-75 „ 


1-86 


4-7 „ 


6-79 


Ditto No. 110- „ 


9-50 „ 


1-58 


6-0 „ 


• • 



It is also worthy of remark that the 15 -hole Argand requires 
less pressure to produce the maximum illuminating power than 
any other burner in this table. 

The following table shows the comparative value of 5 feet of 
gas consumed by several batwing and fishtail burners, and I have 
also added the double batwing burner, to show the great difference 
in value of 5 feet of gas consumed in the combined flame, in one 
distinct flame, and in two separate flames — the results being 
respectively 13*75, 7*60, and 8*40 standard candles. 



^^^^ 


Burner 


^^. 


n,mnjn.«ng 


1 foot IS Gal 
In SUnilnrii 


Cm^aa. 


No.8 

No.7 

No.0 

No.5 

No.4 

No.3 

Kabtail Bomer*- 

No.B 

No.6 

No.5 

No.4 

No.3 

Double Batoiog. 

B. No. 5— 

Onesbutoff. 


5-5 teatbs. 

4'6 „ 
10-3 „ 

*'6 „ 

9-7 „ 
16'0 „ 

66 „ 

8-a „ 

139 „ 
18-0 „ 

37 tenths. 
90 „ 
3-5 „ 


9-4 
90 

8-0 
8-6 
5-7 
3-5 

12-1 
9-3 

e-3 

5-1 
2-1 

1375 

r-60 

4-20 


IBB 
1-80 
1-60 
1-72 
1 14 

o-;o 

212 

1-86 
1'26 
1-02 
0-50 

2-76 
1-52 
1-G3 


&fe«t. 
6 .. 
5 „ 
5 .. 
5 ,. 
5 ., 

5 feet. 
5 .- 
5 „ 
5 „ 
4-2 „ 

5 feet. 
5 ., 
2-5 „ 




The following table is added here to 
value of burners when consnniing Cannel 


show the comparative -H 
gas, from which it will 1 
n, though the best for 1 


Newcastle ga?, are not so favourable for t 
of high illuminating power. 


(Cannel Gdi). 


Qua 
Conran-el 






HednwdW 
6ft« 


Cunillea. 


T^^ 


No. B Batwiog 

30-hole Argaad, 6-iiicb 

No. rrXaii" ! ; 

30-hole Argand, 7.incL 

LceUe Burae'r, ai-inch 
chimney . . . 

Lava Batwiog 

15-hoIe Argand, G-lach 
ehimnej. . . . 

No. 2 Batwing Burner . 

IS-hole Argand, 7-iDch 
chimney . 

No. 2 Fiabtail . . 


50 tb 

4-5 
2-5 

4-1 

3-1 
2-8 

2-8 
3-0 

3-3 
2-5 


t. 


Sl-Ocudlm. 

2S'5 „ 
13>0 „ 

200 „ 

15-0 „ 
13-5 „ 

11-5 „ 
130 „ 

130 „ 


31-0 OBodlei. 

29'4 „ 
260 „ 

24'4 „ 

24-2 „ 
211 „ 

20-5 „ 
20-0 „ 

19-7 


6-eo 

5-88 
S-ZO 

4-89 

4-aa 

4-82 

4-10 
1-00 

3-9.1 
340 






1 


B 


1 


^^ 
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It is curious to remark that, from this table, it appears that the 
large batwing produces the best result, when consuming Cannel 
gas, and is 57 per cent, superior to the 15-hole Argand Parlia- 
mentary burner; but when consuming common gas, the converse of 
this is the fact — the standard Argand burner will, from an inspec- 
tion of the previous tables, be found to produce a light, from each 
cubic foot of gas, 50 per cent, superior to the large batwing. The 
above burners are not chosen for any particular advantages they 
may possess, but were merely some I happened to have by me. 

By a careful consideration of all the conditions to be fulfilled, 
and a most elaborate series of experiments, Mr. Sugg has succeeded 
in constructing various kinds of Argand and other burners, which 
are, perhaps, superior to any others. The 15-hole Argand, with 
a lava top, of his manufacture, was first used by myself in photo- 
metrical observations, in February, 1859; and a similar burner 
was exhibited by Mr. George Lowe to the Committee of the 
House of Lords who sat on the Metropolis Gas Act, in 1860. 
This is the kind of burner now supplied by Mr. Sugg with his 
photometers. 



ANALYSES OF COALS. 



The following analyses of Cannel and bituniinouB coals are by 
Mr. Lewis Thompson, and were pablislied in the 2nd and 3rd 
volnmcs of the Journal of Gas Lighting. They are repro>liiced 
here by the kind permission of the Editor of that paper. 

It must be understood (hat in each cose dry coals were operated 
upon, and the results of the analyses are stated in tbc following 
order : — Tlie first column states the name of the coal ; the second, 
its general cbaracter; the third, the percentage of volatile matter 
given off during distillation; the fourth, the percentage of coke left 
in the retort; the fifth, the percentage of asli left after burning the 
coal in the open air; the sixth, the nature of this ash; the seventh, 
dgbth, and ninth, the percentage of sulphur in the coal, coke, and 
volatile matter respectively; and the tenth column represents the 
percentage of aah left after burning llie coke in the open air. 
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of lime and iron pyrites. Principal fracture, slaty, con- 
black. Tbrown on the lire, decrepitates and flies, but 
doesDotfuse. Colour of sih, pale umber; with nitrate 
ofcobalt, dull black. 


Massive, dull bUck. Principal fracture, aiaty, conchoidal; 
croie fracture, concboidat and angular. Streak, black 

tales slightly, daei not split or fuse. Colour of aah, 
white; with nitrate of cobalt, dirty blue. Specific 
gravity, 1-2220. 
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Colour, jet black. Structure, spliutrjr and prismatic. 
Fracture, slaty and columnar; cross fracture, irregular 
and cubical, with deposits of carbonate of lime and iron 
pyrites. Contains seYenil black bands with charcoal. 
Streak, black. On the fire, crackles and splits ; fuses 
slightly. Ash, dirty pale red. Specific gravity. 1-27S. 


Fracture, coarse grained and irregular in all directions, 
with numerous layers of charcoal and iron pyrites, and 
traces of carbonate of lime. On the lire, swells and fuses 
slightly. Ash, brick red. Spedfic gravity. 1-370. 

Coarse grained and fibrous. Principal fracture, hackley 
aod slaty, with depoaits of charcoal ; cross fracture, uo- 

oflimeaudiron pyrites. Streak, dull black. Onthelire, 
fuses slightly. Ash. deep red. Specific gravity, 1-401. 


Colour, coal black, with abinlos layers. Structure, mas- 
sive. Fracture, inclining tnslaty, with charcoal deposits; 
cross fracture, cubical, with traces of carbonate of iime. 
On the fire, spits slightly, and intumesces. Ash, dull 
'awn colour. Specific gravity, l-2?0. 
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PEIZE MEDAL.— London, 1863— Class 13. 
(Photometers and Apparatus.) 



APPARATUS FOR THE DISTILLATION OF COAL, 

AS ILLUSTRATED IN " QAS MAKIPULATION." 

£ t. d. 

100. — Betort, cast iron, 18 inches long by 5 inches by 5 
inches, to hold tho 1000th part of a ton, with 
Aoae, screw, and cotter at each end; 1^-inch 
ascension iiii*, with cast-iron maiu cock and key 3 5 

lOl.* — Cast-iron furnace for ditto, with outside casing .15 5 

lOS. — Condenser, consisting of 5 boxes and perpendicular 
pipes, each box proyided witli stop-cock for 
mnniug off tar and ammoniacal liquor; the 
ivhole fixed on strong board . . . . 3 15 

108. — Two Purifiers, cast-iron, fitted with wooden sieves, 

complete 3 15 

104. — Double Meter, equal size moasiu'iug drums, con- 
nected logcther; capacity ^-foot per revolation 
of each measuring dnmi] japanned . . . 5 10 

880. — 10-foot Gasholder, with ecale fixed on bell, accu- 
rately divided; east-ii-on tank, with cycloid and 
balance weights; pressure gauge, and gun-metal 
inlet; and outlet cocka; tlie whole completely 
fitted iu the best manner, and piuntcd . . 38 

106. — Jet Photometer, specially made for this apparatus, 

ia polished pine case, with glass front, copper 

funnel and double governor, cocks, &c„ coraplelo ti 6 

Pipes and Connections fitted to the whole, so that 

n be put together in the manner shown on 



drai 



106. — Scoop, wrought iron, to be left in retort 
107. — Ditto, with handle for charging . 
108.— Bake 
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1 


n 


CORRECTrONS OF BULK FOR TEMPERATURE 1 


AND PRESSURE. 








109>— Thermometer, in bra^s cas«, with socket and plag 




*■ 


' 


complete, for trying the temperalnre of gaa in 








mains, &c 


1 


1 





110.— ^parate sockets &nd plugs for ditto . 





2 


9 










by nicani of ihe aepBinli! lockcu snd plngg. 








lU. — Bent Thennomelcrs, engraved on tlie ghsa, white 








back, with bnisa snpportB, and DUions to screw 








into rising pipes each 





16 





113. — Straight ditto, for horizontal pipes . . each 





IC 





113. — 8-inch Brewer's Thermometer, in Japanned melnl 








case, [wrcolain scale 





4 


6 


114, — Ditto, in copper case 





5 


6 


116. — Tbcrmoraetors registering maximani, best quality 








(Rutherford's) 





7 


6 


llBb.— Minimum 





7 


6 


116. — Ncgretii & Zambra's Fateut Maximum 


1 


1 





117. — ^Dilto ditto Minimnra. 


1 


1 













engine divided on stera 





10 


6 


119.— Ordinary ditto, non-regislering, on polished boxwood 





2 


G 


ISO.— Best make (Ncgietti & Zambia's) . 





4 


6 


121. — Thermometers for chemical purposes, from 10/6 . 





15 





125. — Thermometer, on porcelain back, engraved scale, 








noii-rcgUiei'ing, suitable for gas works, &c. 





12 





126. — ^Window Thermometer, glass scale, wiih enamel 








tube, the scale, engine divided and mounted on 








oak bracket, with brass supports, from 30/ to . 


2 


10 





160. — Porlablo Pediment Barometer, in oak, mahogHny, 








or rosen-ood frame, the tube of large diameter. 








covered entirely, with thermomclor on front 


3 








161. — Ditto, ditto, with square moulded top, larger tube. 








and 2 verniers 


i 








162.— Ncgi'ctli & Z;imbra'8 best Standard Barometer, as 








used by Mr. Glaishcr 


8 


8 





163.— With Millimetre scale (esti-a) .... 





15 





160. — Bystrom's Pyrometer, for ascertaining the heat of 








retort*, &c., complete, with tabic, and directions 








for use 


10 


10 







ar« 


lupplied ^M 
SET. 1 
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ANALYSIS BY THE EUDIOMETER, 

ILLUSTRATED b DESCRIBED, PAGE 12, " QAS MANIPDLATIOS." 

£ I. I 
86. — Eadiometer Tube, witli globular top accurately di- 
vided 10 

86f. — Ditto, ditto, enlarged cylioder top . , . 10 

2eg,— Ordinary Cooper's Tube 7 

881l.— Short ditto ditio, Dr. Letbeby'a form . .07 

26e. — ^Lewis Tbompson'fl form, holds abontO'lO feet of 
gas, fitted complete, as deseri&ed iu Pago 17 of 

" Gas Manipolalion" 1 10 

S6b. — Improved Condenser for long Eadlometers, 26, 

2ef, and 26g, japanned 1 10 

170. — Ditto, ditto, for Dr. Letlieby's form, 26h, japanned 1 
171. — ^Ditto, Ditto, for Thompson's form, 26e, japanned . 1 10 
178. — Stand for holdiiig Eudiometer, French polished 

mahogany . . . . . , ,07 
173. — Ditto for Thompson's form, 26e . . . .08 
174.— India-rubber Thumb Stalls . . . .00 

175. — Glass Syriuge, with hnlb for bromine water, &c, . 2 
176. — Bromine (best qoality guaranteed) per ok. (variable) 2 



I 



per pint 
per lb. 
per OK. 
per pint 
per lb. 
1/9! (182) 



176b. — Bromine Water 

177. — Snlphate of Copper (pare) 

178. — Proto Chloride of Copper (pare) 

178b. — Ammoniacal Solntion of ditto 

179. — Fnsed Potash, in pipes 

181 to 184. — Bromine Bottles, capped 

2oz. 2/! (183)loz. 2/3; (184)6 
186. — ^Pmt-and-lialf Stoppered, engravcil sol. snlph. 

copper 

186. — Ditto, ditto, not engiaved . . . . 

178b. — Ditto, bine, not engraved, for fased potash 
176c. — Ditto, Bromine Water, engraved 
179c. — Ditto Potass. Sol., engraved . . . - 

-wiLXJAH BUG6, vhtcent wobes, tisc: 

WESTMISSIEB. 
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SPECIFIC GRAVITY APPARATUS. 

3. — Dr. Lpthoby's Specific Grovity Globe, weiglied off 
nt barometer of 30°, and temperatni'o 60°, and 
m.trkcil, Willi tliQiinoitieter tube, fitted complete, 
aa described in "Gns MaoipDUdon," page 20 
(the whole weighing about 7,000 graine) 



CHEMICAL AND PHOTOMETRICAL BALANCES. 

190. — Bulnoce, a? ehon*u on page 18 of "Gaa Manipnla- 
tiou," with IG-incL beam to cai'iy 2 ibs. in each 
pan, turoing with one-tenth of a graiu (Ladd & 
Ocrlliiig) in glass case 10 10 

191. — Itolnncc, wirh 12-inch beam to Mrry 1,000 gratis 
ill each pan, and taiti distinctly with -^ of a 
grain; the beam b divided, and is conBtracted 
with straight knife-edges at the cadis, upon which 
the pans ara snspendcd by steel plnucs; short 
p.in for t.iking speciSc gi'uvities {Ladd & Oertliug) 6 G 

(This iiiilrnrai 

193. — B.ilance, witli 14-iiicb beam, to carry 1,500 grains 
in each pan, and iudicato when Joaclcd Yjhxr ^^ 
a grain ; iho beam is coustmcted with tnife- 
edges at the onda, upon which the pans are 
suspended by agate planes; the centre also worlis 
upon a single agate plane; the beam is divided; 
apparatus for moving Iho sliding weight; pan 
for taking apeciHc gravities; glass case with 
adjusting screws (Ladd & Oertling) 

1Q3. — Balance as above, with apparntna for steadying the 
pans connected with the same axis which moves 
the beam, so that one inoveraent of the handle 



WILLIAM SUaO, VINCENT WORKS, VINCENT STEEET, 

WESTBONSTER. 



first rclessea die pans and then the beami the 
three edgea of the beam ore made of agate, lo 
tliat all the working parts of the instnunent are 
most efii:ctnatl7 protected against the fomes of 
the laboratory, or the effects of a damp climate 
(Ladd & Ocrtling) 

194. — Balance, with 8-inch beam, to cany 300 grains in 
each pan, and toiu with ^ (if A grain. The 
balance Etanding on mahogany box, with drawer 
(Ladd & Oertling), in glass case , , , 

186. — ^Balance with 12-iii. beam, agate planes, ^in. pans, 
being bung with wire frames in glaas case, set of 
weights in mahogany-box from 1,000 to -rioth 
of a grain (Sngg'a Pattern) .... 

196, — Balance for weighing 2 candles whilst burning, 
suitable for Lctbeby Photometer, turning dla- 
tinctly to I-lOth of a grain, with sliding pillar, 
agate plane and long pointer, with pi'eparatlon 
for electric tonch and special candle-holdor 
complete, for filing to Photometer bar (Sugg's 
new model) ...... 

16b. — Ordinary Caudle Balance, Sight hole beam, on 
brass crosapiecc, pillar with brass chains and 
weights, scale for weighing 2 candles in candle- 
holders whilst bnming, fitted on mahogany slab, 
with grain weights from 500 to ^ gnuns let iuj 
for Lctheby Photometer .... 

197. — Candle Balance, fitted with brass beam, sliding 
pillar (Aveiy'a patent), agate bearings mounted on 
slab, with grain weights complete, from '1 to 
500 grains; for Evans' Photometer . , 

198,— Keate's Candle Balance (tee Description, p. 167> 
for weighing 1 candle whilst borumg; for b> 
Photometers .... 

WILLIA1S SirOO, VIITCEHT WORKS, 
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IB. — Ordinary Scales in box, with pillar, glass pan, and 
set or grain weights complete 


2 


d. 



14. — Sngg'a Leyer Candle Balnnce for weighing 2 condlea 
whilst burning, bar graduated iQlo 50 grains, 
with alidiug ivoight 

in France with Iho c«rco! lamp 
200. — Sngg'a Improved, willi cloclric toudi . 


5 

14 U 

15 















201. — Set contuiniug the following weigh 
6,000, 3,000, 2,000, 1,000, 600 
100, 60, 30, 20, 10, 6, S, 2, 1, "C 
•06, -03, -02, -01 


.a: 1 
300 
•3, 


0,000, 
200, 
2, 1, 


3 12 





202.— Set of 6,000 grainB to yj^ S"^ 






3 3 





203.— Ditto 1,000 do. to tIo • 






1 15 





204.— Ditto 600 do. to tU 






1 10 





205.— Ditto 10,000 do. to 1,000 






2 5 





206. — Ditto 10 grains to -^ in nllamlmom 






7 


6 


207.— Ditto, do., do., in platianm 






10 


fi 


208.— Ditto, da, do., in brass . 






3 


6 


209. — Set of Weights in bos, containing 1 

and the weight of 1 Iiilogi'arame 

K alao the Boriea of the gi'amme in 

H ttluminium, with tweciera {DekuU] 


kilogramme, 
n fractions; 
platina, or 


4 10 





H 210. — ^Bos with compartmonts containing the gramme, 
H and its series in platina or alununinm as low as 
H the demi milligramme, with tweezers (DekitU) 


1 5 





H 211. — Ditto, ditto, in brass 


15 





H 21S. — Steel Tweezers each 


1 





1 WILLUM SUG&, VISCENT WORKS, VDICENT STEEK 
■ W£STUINST££. 


■m. 




. 



AMMONIA, 

APPARATUS FOR ACETATE OF LEAD AND 
TURMERIC PAPERS, 

AS DESCEIBED IN PLATE 3 OF " GAS MAMPDLATI05." 



213. — Governor, fitted with bniner regulntcJ to pasa 5 
cubic feet of gaa per hour (PI. 3, Fig. 3) 

814. — Frencli-syatem Test Paper, with pressure gange 
and burner, fixed on board, complete (Fig. 4) . 

SIS. — Hogb Young's Apparatua — Snlphnretted hydrogen, 
Bud ammouia, with pi'CEsure gauge, complete 
(Fig- 5) 



f 

~!i' 



\B. — Sugg's Apparatus, with 2 Bloppera and porcolaiu 
cups, complete (Fig. G) 

84. — Tormerio Test Papers 

24. — Acetate of Lead ditto 
217. — Tincture of Turmeric in Alcohol, 
219. 




loz. boolu 
ditto 



w 



Ditto Litmua, in 3-onace stoppered bottle, 



IL — ^Acetate of Lead, pare cryatalizcd 



APPARATUS FOR ASCERTAINING THE AMOUNT 
OF AMMONIA IN A GIVEN VOLUME OF GAS, 

EXPLAINED ON PAGE 24 OF "GAS MANIFULATIOH." 



r 



— Esperiraental Meter, of improved con8ti"notion, 
with a. dial showing fi'om -01 up to 1,000 cubic 
feet, with lubricatora, and glass water line gaugo 
scratched with tiuc water line, and ^gned by the 
Govemmeut Inspector 5 



WILLIAM SUOa, VUfCENT WORKS, VINCENT STK' 



323.— Dr. Leiheby'a Ammonia Tulw (Plato 3, Fig 7) 

224. — Diito, fiUcU with pi«»8 of g\aa 

226. — Ditto, fiiled nilh glass beads . 

227. — Pipolto, to contain 100 grvns, gradaated witb jet, 

and piuch-cock . 
228. — Test Mixer, to contain 2 deci-gsllons, gvadnatod 

ouil stoppered 

231. — Ditto ditto, to contain 5 deci-galloiis . 

233.— Deci-gatlon Bottle 

036. — Hydrometer, gradnatcd from 1,000 to 1,600 
237. — Trial Jar for ditto, 12 inches by 2 inches . 
238. — Tube to contain 50 septoms, graduated 
241. — Molifa Burette, to contain 100 scptcms, in 1 

divisions graduated, witb jet and piuch-ock 
243. — Mahogany Single Clamp for ditto 
246. — Cooling Apparatus, consisting of gloss cylindi 

with ground ed(,'es, a ground glass cover, uii 

copper triangle to hold crucible 
847- — Bunsen burner (iron), No. 2 rose 
249. — Dresden Basin 
2B1. — Two Glass Stirrers, 12 inches long 
253. — B. P. Cracible and cover, No. 3 
266. — One pair of Crucible Tongs 
267. — Oue Iron Tripod, No. 3 . 
258. — One small Triangle, to hold crucible ii 
261.— Small beaked Tumbler . 
27'b. — Books Bed Litmus . . . per doz. 

262.— Strong Sulphuric Acid, pure, 1-845 . per lb. 
305. — Bottle, blue, stoppered, to hold 10 lbs. 
266. — Clear Glass Stoppered Bottle, to hold 5 lbs. 
337. — One lb. Pure Anhydrous Carbonate of Soda, 

wide mouth bottle .... 



tripod 



9 

IC 
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AMMONIA ABSORPTION APPARATUS. 
AS DESC^UIBED ON PAGE 27, "GAS MAXIPULATIOK." 

£ I. • 

l63.— Two 40 oz. Woulte's Bottles (2 necks), 1 bab- 
bling cjlintler, filled with pieces of glass, with 
gla£3 tubes and Tn^ft-rabber fittings, complete 

(as shown in Plate 3) 15 ' 

Filled with beads, Zi. extra. 

APPARATUS FOR TESTING FOR AMMONIA 

WITH OXALIC ACID, 

AS DESCRIBED ON PAGE 29, " GAS MANIPULATION." 

8*74. — Dr. Lctheby'a Ammonia Tube (double), motiuted 
on stand, filled with pieces of glass, with glass 
connecting-tube and India-rubber fittings, com- 
plete 15 

•264.— Half-gallon Soktiou of Oxalic Acid, of wWch 100 
septems will neutralise 10 grains of Ammonia , 

"265. — Half-gallon Ammonia Solution; 100 septen 

tain 1 grain of Ammouia . . . . 10 

266, — Four clear glass stoppered bottles for ditto . . 10 

267. — Tincture of Homatine 

268. — One stoppered bottle (or ditto . 

261. — Small beaked Tumbler 

269. — Two Conical Testing Beakers (^-pint) 

250. — Glass Stirrer, 9-in. 

S70. — Four-inch Glass Funnel (plaia) 

871. — Ono Flask, 2,000 septema, or 2 dcci-gallons 

272. — One Delivery Pipette .... 

S40. — One Mohr's Burette, 100 septems, gradnated into 
■J's, marked 100° at top and 0° at bottom, with 
pinch-cocfc and jet 5 

043. — One Mahogany Single Clamp for ditto . .070 

239. — One Jar on foot to hold 50 septems . . .019 

B7b, — Books of Red Litmus . , . per doz. 2 

• UoleM rfear ghaa liotllcs iire oril.'red, tlie sohdiDiis will be Bi^nt in Wincliesler 
quarts at Is. 
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APPARATUS FOR THE ESTIMATION OF SULPHUR 


IN QAS, AFTER THE ORDINARY PROCESS OF 


PURIFICATION, 




AS DESCRIBED IN "GAS MANIPULATION," pp. 


31 to 47. 


276. — F. J. Kvana' Apparatus, as shown on Plato 4 


£ 1. d. 






with Bunscn burner, g'aM slide, &o., complete 


4 10 


278.-3 large Woulfe's Bottles, with 8 necks, grouiK' 




stoppers, and glass tube filtiugsj 1 bubblio, 




cylinder! 1 ditto ditto (spare)! glasa tubes and 


Inilia-rabber fittings to ditto, completo . 


2 4 


880. — 1 Bleam exhauster for ditto 


I 15 


222. — Experimental Meter, showing from -riir °^ <^ ^^^ot 


to 1,000 feet; 4 circles on dial, with water lino H 


gauge and pillar plate, japanned, complete 


5 5 


288.— Two hanl German flasks (I'ig. 2) 3 pints, each l/€ 


3 4 


883.— Wash Eottio (Fig. 4) .... 


2 6 


284.— Large Beaker, 4 pints (Fig. 1) . 




2 5 


886.— Two Beakers, 2 pints (Fig 3), each 1/11 




3 10 


886.— Two Glass Funnels, each 1/ . 




2 


176.— Glass Syringe for Aoida . 




2 9 


287. — Filter Stand 




3 
2 10 


289. — Platinum Crucible .... 




290.— One foot Platinum Wire . 




2 
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H PRIZE ICBDAL.— Loudon, 186S.— Class 13. 
^^ (Photometers and Apparatus.) 




Ur CHEMICALS. 






^' S85.— Chloride of Bftrium, ZJ lbs., 3/ per lb. 


£ 1. 

5 





897. — Wido stoppei-Ed roniid Bottle for ditto 


1 


9 


298.— Nitrate of Baiyta, 2j Iba., 1/6 per lb. 


3 


!> 


397. — Wide stoppered round bottle for ditto 


1 


9 


399. — Muriatic Acid (pure), colourless, 8 oz. 





9 


300. — Stoppered and capped bottle for ditto, engraved . 


3 


3 


301.— Nitric Acid (pure), colourless, 8 oz. . . 





9 


300. — Stoppered and capped bottle for ditto, engraved . 


3 


3 




U 8 


6 


803. — Stoppered bottle for ditto, engraved , 


2 


9 


304.— One Winchester Quart Liijuor Ammonia Forliss, 
specific gravity 880 


7 


6 


305.— Blue glass stoppered bottle for ditto . 


1 





306.— One Wincbester Qnart, double distilled water, 
■ hnlf-gaUon 


1 


e 


HSOT-— Two hundred Swedish Filler Papers, 0/10 per 100 


1 


8 


27b. — One dozen Books Red Litmus Paper 2/ dosen 


2 





24. — One ditto blue ditto paper ... „ 


2 





^508.— One Book Salphnr Tables .... 





6 


^L WESTUINSTEB. 




i 



^^^^^^^^^^^■^ 160 
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^M FSIZE MEDAI.. London, leeZ.-Claaa 13. 


1 


^H (Photometers and Apparatus.) 




- 1 


H DR. LETHEBY'S APPARATUS FOR ASCERTAINING 1 
H THE QUANTITY OF SULPHUR CONTAINED IN THE ■ 
^1 OAS SUPPLIED TO THE PUBLIC. ■ 


^1 S8S. — Experimental Mclei', showing from yj-(rlh of a foot 
^H to 1,000 feet ; i circles on dial, witli waCcr-Iiiic, 
^H guagc, and i)iltar-i^te,japaune(l, complete 


6 5 





^H 809. — DonUo Governor, nionntwT on brass pillar, for 


15 





^^1 indies long and 4^ diametcrj Irnmpet-shapoil 
^^M tube; long labc, J diameter and i feet loug; 
^^M Lcslio burner; small tnbe for test papers; glass 
^^M beaker and funnel, the wliolo monnted on a 
^B French-polished stand, with corks fitted to ihe 
^H tnbcfl and cj-lindcr, complete, ready for working 


2 :o 





^M 311. — Six 4-oz. Beakers for ammonia . . 9i/. 


4 


6 


H 312.— Six Glass Funnels, 3 inches diameter . . Gil. 


3 





^M 813. — One Pint Measuring Glass on foot, divided into 
^H 10 pai'ls, subdivided 


5 


6 


^M 314.— One 2-02. ditto on foot, gradaatcd 


1 





^M S16. — Two I'ipettes to deliver 2 oz., marked . each ^ 


3 


i 


^1 316. — Two ScalQ ditto 2 oz., graduated 10 parts, sub- 
■ divided ....... 


i 





^M 283. — Wasli-bottle in white German ghss, with tubes 
^H fitted, complete 


2 


6 


^M 317. — Porcelain Evaporating Dish .... 





9 


^M 318. — Ditto, ditto, smaller 





8 


■ 319.— Retort Stand 


6 





H 288.— Platinum Crnclblo 


1 18 




p, 
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280.— Pladnnm Wire (1 foot) .... 

99. — BuDscu Burner, Stcatilo raoanleil on brass foot 
98.— Six g-oz. Bfiflkci-s .... 

287.— Filter Stiind 

97. — One I'iiit Bcflker, to collect waaliiugs iimier filter 

176, — Glafla Sjriiigo for acids, witli bulb 

CHEMICALS. 
296.— Chloride of Barium, 2^ lbs. at 2/ lb. . 
297. — Wide stoppeicd round bottle for ditto 
298.— Nitrate of Bai^-ta, 2^ lbs., 1/6 . 
297. — ^Vide stoppered rannd bottle for ditto 
289. — Muriatic Acid (pure) colourless . 
300. — Stoppered and capped bottle for ditto, cngi-aved . 
301. — Nitric Acid (pnre) oolourlesa . . . 8 oz. 
300. — Stoppered nnd capped bottle for ditto, engraved , 
300. — Ditto, ditto, ditto, for uitro- muriatic acid, eugraved 
176b. — Bromine water .... 1 pint 

303. — Stoppered bottle for ditto, ciigraved . 
804. — One Wiucliesler Quart Liqonr Ammonia Forties, 

specific gravity '880 .... 
306. — In bine glass bottle for ditto, stoppered . 
306. — One Winchester Quart double distilled water 
305. — Blue glass bottle for ditto, stoppered . 
307. — Two hundred filter papers, 10(/. per hundred 
27b. — One dozen books Red Litmus papers . . 

24. — One ditto ditto bine 

308. — One book snlphiii tables . 
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APPARATUS FOR TESTING ILLUMINATING 
POWER OF GAS. 



Estimate for M class Photometer not requiring 
Dark Boom. 



F. J. EVANS" SYSTEM. 



As used at the Chartered, Imperial, and moat of the principal 
Metropiilitan and Provincial Qas Companwa. 



A.— Standard "Evans" Photometer, lOO-inch scale, in 
French-polished white pine, lined throughout with 
black velvet, with disc frame, slide (central adjust- 
ment), and ventilator?, complete . . . 15 15 

1- — Experimental Meter, capacity 144 cnhio inches, com- 
bioalton imdcs, minute clock and gas index 
working on one dial, 5 feet hourly rate of con- 
sumption and time circle, small cii'cles showing 
5 feet actual cousumnUon and 10 minutes. The 
Minute Clock, with lever escapement, dead beat, 
provided with hell, which b struck everyminnte. 
Handsomely japanned , . . , . 10 10 

S.— First quality Balance Governor, wUli parabolic valve, 
3-iucli stroke, thick wliite metal incorrodihlo 
tauk and gasholder, balance and lunied balance 
^vcighte, and shot scale, complete, accurately 
a<ljugted and handsomely japaoncd, mounted 
upon French -polished base . . . .440 
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fi. — Kiiig'a PreBsnre Gauge, to show JOOtli pai-t of an 

inch pressure, with micrometer cock . . 3 10 

IBc. — Beat Sight-hole Beam, on bmss eliding pillar, 
with brass aiin, gloss pan and brass weight 
scale, on a mahogany slab, with weights let in, 
500 to J grains 4 

Or an; uf the Pliotomeler a-iIaiiccB dcKiibeJ in I'rico List of Balances. 

16. — Candle holder for one candle, with cone and socket . 5 6 
18. — Ditto ditto, for two candles , . . .0110 

!30. — Parliamentaiy Standard Test€d Argand 15-!iole 
Burner, lava top and 7-inch chimney, complete; 
or any of the standard bumcra described rn 
"Gas Manipulation," pp. 69, 70, and 71 .056 

80c. — Small Burner Pliers (bright flteol) . . .026 
31. — Greased or Leeson Star discs, best quality, per doz. 12 
ZZ. — Japanned disc box, disc in gold letters, each . 2 

smb. — Japanned shot or saud boxes, written iu gold 

letters, eacli Is 2 

— Spcmt candles, best quality, suitable for Photo- 
metrical purposes, about 130 grains per hour, 
2s. per lb. 
— Candle Box, japanned, and written in gold letters 3 6 
— Pbotometricat Tables, drawn on Koller, and Var- 
nished, or, in Book form, bound iu boards . 12 

fitSn. — Plain Sheet 5 

820. — ^Forms for Photometrical Observation, lithogi'nphcd, 
as shown facing page 82 " Gas Manipulation," 

150 sheets, boond 12 

321. — Ditto ditto, printed, as shown facing page 83 "Gas 
"" Manipulation," 150 sheets, bound . 

123. — Small Dry Governor, for fixing on the service 
which supplies tha Photometer, so as to keep the 
pressure uniform at tbo inlet of meter . . 13 6 

This ii especially uaeful when ibi prew aM.i* T»D9 hh^<lriMaTOter tlian I inch. 
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APPARATUS FOR TESTING ILLUMINATING 
POWER OF GAS. 



Estimate for 2iid class Fbotometer not requi 
Dark Botnn. 



F. J. EVANS' SYSTEM. 



0>— "Bnn" Fbotometer, 50-iiicfa Kale, m FrcDCh- 
poJisbed iluk-coloDTctl piac, lined throogliont 
with black velvet, aingli? scalo, gns at oue cud 
only, with sliJe (central uiljastmcnt) bdiI venli- 
Utor?, ctiioplcte ...... 

2. — 'EspcrimeDlil Meter, capacity -^ n( i font, with miles 
ahowing hcmrly ntiil actual rate or consomplion, 
water-gangp, japanneil and ornamented . 

7. — Small doable dry Governor, vritb wheel cock . 

tl3.— Small Minale Stop Clock (portable), 4-:uth dial, 
divided into 50 divisions, to suit 5 feet per boar 
calcnlations, lever cscapcmenl, jewelled in two 
holei^ Btnkea each minatc .... 

8S4. — Ditto, diito, on pillar, with weight 



Non.— Thi* clan ef rhoim^ier ntn be nFcd in my roaoi, iv in llie open ai 

t Or onj of iHe Minute Clnckt dcKiibed on page 1 59 of this CatalogUk I 
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>8e 13. 


' 








°7 




d. 


16,— Ordinary Sca]»ia in Box, gloss pan, and set o 








grain weights, compkW 


2 








19.— Candle-holder for two candles . 





11 





30. — ParliBiuGntaiy Standard Tested -\rgiiiid 15-lio!c 








BBmer, lava top and 7-iQch chimney, complete , 








or any of the Standard Buruers described io 








" Gas Manipulation," pp. 69, 70 and 71 . 





5 


6 


aOc— Small Bnraer Pliers (bright steel) . 





2 


6 


SI, — Greased or Leeaon Stai- discs, best quality, per doa. 





12 





23.— Japanned disc bos, disc in gold letters 





2 





£3b. — Japanned shot oi- sand boxes, written in gold 








letters, each 1* 





2 





US. — Bperm candles, best qnality, snitablc for Photo- 








metrical pnrpoaes, beat quality, about 120 grains 








per hour, 2s, per lb 








333. — Japanned caudle box , . . ' . 





3 


6 


SSe.— Photometrical Tables, drawn on Roller, and Var- 








nished, or in book forni, bound in boards 





12 





^31. — ^Forma of Photometrical Observations, printed, 150 








sheets, boond, and stamp end pierced 








ThU forra of Pholomctrical AppnrMus will hi found very »iiiWblo (or 


«.u. 


ock. 
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PItlZB MEDAI^— London, 1862. — Class 13. 
(Photometers and Apparatus.) 



APPARATUS FOR TESTING ILLUMINATING 
POWER OF GAS. 



Estimate for Ist class Photometer for Dark Boom. 



I)R. LETHEBY'S SYSTEM. 



t at tie CAg <f Xoiidoa Teatii^ O^ice^ Bmtu'ii(/JiM 
iVolverhnmplon, <tc. 



F. — CO-indiPbolometer(Dr.Lelheby'ss}stciu}, mnLogfiTiy 
fit&Ddard^ gas pillar, with double cixi, niicro- 
uict«r Riljnstmeut, bikI ultnclimcDC fur caudle- 

lioldcr, coniiileto 

Wooden Shades for dillo 

1. — Experimental Meter, enpaeity 144 cubic incbes, cora- 
biiinlloD iudcx, minnlc clock and gns iudcx 
wurklng on one diftl, 5 feet hourly rale of con- 
sumption and time drcle, emull circles showing 
5 feet aclnal consnroplion nnd 10 minntcs. Tlio 
Meter 6lled with brass water-gauge. The Minute 
Gock, with lever escapement, dead beat, pro- 
vided with bell, wluch IS struck cver^ iuiuul«. 
Hand^mcly japanneil ..... 

6. — Hret qnality Balance Governor, with jiarobolic valve, 
S-inch stroke, thick while metal incorrodible 
tank and gasholder, balance and turucd balance 
weights, and shot scale, complete, accurately 
adjusted nn<I hiuidsomcly jnpanncd, mounted 
npon Krench-polishctl base .... 

161). — One best Sight-hole Beam, on brass erossptecc, 
pillar with bi'ass clialits and ncightf, scale for 
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baming, fitted OB mihogmy dib, with gfm 
weights, from 500 to | gnini, kt in . . 3 15 
fOl ns; af the Photomitnol Bibacet taitiblc Sx tbe Phnwtm 
deniibed in Price Lilt nf Balukcet, pp. 142 M lU. 

313, — Tweezers for ditto 10 

6. — King's Frcssore Gouge, to show the lOOth put of an 

iuch pressure, japuued . . . . . 2 10 
19. — Candte-bolder, for two candles . . . .0110 
20. — Parliamentarj' Siandard Tested Argaud 15-bo)e 

Burner, lava lop and 7-iuch ctiimnejr, com[det« . 5 

^^K Or any of tbe Sbtndurd Burnen deKnlxd in " Gat Muupoluion," 

^B pp.69, 70, & 71. 

HplOc. — Small Bmner Pliers (bright steel) .026 

^"81. — Greased or Lecson Swr discs, beat qnaiily, per doi. 12 
22. — Japanned disc bos, disc in gold letters, eadi . . 2 
33b. — Japanned shot or sand boxes, written in goM 

letters, each U 2 

KtSi — Sperm Caudles, be^ quality, suitable for Pholo- 
metrical purposes, about 120 grains per hoar, 
2j. per lb 
126. — Photonietrical Table (Dr. Letheby's), monnted . 2 6 
836. — Ditto ditto (Sugg's), monated on roller and 

varnished, or in book form . . . . 12 

327. — Ditto ditto, plain sheet £o 

n 320. — Forms for Pholomctrical Observations, lithographed, 
as shown facing p. 82 " Gas Manipulation," 150 
sheets, bound, irith stump end perforated. . 12 
SI, — Ditto ditto, printed, as shown facing p. 91 "Gaa 
Manipalation," 150 sheets bound, with stump 

end perforated 

— Small Dry Governor for fixing on the service 
which supplies the Photometer so as to keep an 
nuiform pressure on the inlet of meter . , 19 6 

IB eEpecially useful where tlic preisure ynriei mucb, or ia greater 
than 1 incli. 

123. — Candle Box, japanned, and wiitfeu in gold letters 4 G 



VmLLlAM. STTGQ, VINCEKT WORKS, VIN' 
WESTMINSTEB 



FBIZE MEDAIi.— Ijondon, 1862.— Clasa 13. 
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APPARATUS FOR TESTING ILLUMINATINO 
POWER OF GAS. 



EBtimate for Sod class Photometer for Dark Boom. 



BUNSEN'S SYSTEM. 



G, — Onfinary (Bmueo) 100-inch Fbotoneter, with im- 

prowi siglit-box, on rollers .... 3 

Mirron for ditto 

3.— Kxpcrintentol Meter, centre dial Ehowing honrlj rata 
uf cooeumptiou unlr, capudty y^ gf o. loot, 
Jatianncd . ' . . . , . .4 
7. — I>onble Dry Governor, witli wheel cock, on pillar 1 

t8S4.— Small Mioul* Slop Clock (portable), 4-mch dial, 
divided into 50 divi^ons, to suit 5 leet per hoor 
calcnlalioDB, U?er escapement, jewelled in two 
holes, strikes each minult, on pillar, . , 4 
+ Or Bilhout pLUnr ...... , 

20. — Pailiameolary Standard Tested Argand I5-hole 

Burner, lava top and 7-incb chimney, complete ; 

or auy of the standard bomera described ia 

" Gas ManipalatioQ," pp. G9, 70, and 71 . .0 

15.— Ordinary Scales in Box, glass pan, ami set of grain 

weights, complete ...... 2 

18. — Candle-bolder for one candle, with cone and socket . 
30c. — Small Burner Piiora (bright stoel) ... 
SI. — Greased or Lecson Star Discs, best quality, per doa. 1 
22, — Japanned Disc Bos, disc in gold letters , each 
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ZiSb. — JapanDtid Shot or Saad Boxes, written in gold 
tetters, each Is. . . 

83. — Sperm Candles, best quality, suitable for Photo- 
meti'ical purposes, best qaality, about 120 grains 
per boui', 2s, per lb. 

337. — Photo metrical Tobies (Siigg's), plain sheet . 

323. — Small Dry Governor, for fixing on service to Pho- 
tometer to keep an unifoim pressure on tho inlet 
of the meter 



THE CARCEL LAMP SYSTEM. 

IN WHICH THE LAMP IS USED INSTEAD OF CANDLEa 

Moderator Lamp, arranged so as to burn at the rate 
of 648 grains (42 grammes) of oil per hour, 
with ohimuey, complete, .... 

The Bites of the various p:irti of tbis Lamp nro mriile to suit the 
description given in tho reguktions for gas lesling as ndoplud in 
Paris. 

Carcel Lamp, arrnoged npon the samo system 
Wicks approved by the mnnicipal authorities of 

Paris per gross 12 

Colza Oil, purified, approved quality, for gas testing, 

price variable. 
Minnte Clocks, with stop action and bntton, whicli 

brings the hands to zero, lever cseapement, 

brass cases . . . . . . . 4 15 

Ditto ditto, without action to bring the bands to 

zero 3 10 

Ditto ditto, small size, 3ud quality . . .115 
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LOWE'S JET PHOTOMETER. 
AS DESCRIBED IN "GAS MANIPDLATION," 

IT. as TO 08 GOO 

KIRKHAM AND SUGG'S SELF-REGISTERING 

PHOTOMETER. 

AS DESCRIBED IN '■ 0A8 MANIPULATION," PP. 98 TO 104. 

330. — Wir.h developing Cliainber, as showu in Plates 15 
and IC 

331.— WitboDt ditto 

Note. — The Flnto from thii Iiutrnmonl must bo tnken ta a 
dar): ttnm lo bo dvveloped. 

£ I. d. 

AMMONIACAL LIQUOR. 

27, — Arlkalimetei- graduatflil Into 16 parts, oncii part 

subdivided into teiitha . . . .060 

336. — GInss Basin to hold 2^ pints . . .019 

336. — Hydromol«r for Liquor 3 9 

267. — Irou Tripod (No. 3) 2 

S49. — Dresden Basin, for keeping the liquor boiling while 

testing 5 6 

336. — Test Acid for ditto, giiarauteed to be of tlie proper 

strength .... per half gallon 079 

306. — Blue bottio with 6to)iper, for ditto . . .013 
27b. — LitmnB Papers, red . . .1 dozen books 2 
837. — ^AnydrouB Carbonate of Soda, in wide mouth 

bottle per lb. 3 
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TESTING GASHOLDER. 

£ 
33. — To contain 2 cubic feet ; tin Tank, 
copper Bell, with accurately di- 
vided double Scale on Bell, Balance 
"Wheel working on friction rollers, 
Balance weights, Cycloid and 
weight, inlet and outlet Cocks 
(gun metal), and Pressure Guage. 
The whole handsomely japanned, 
suitable for Laboratory . 18 

33b. — To contain d cubic feet; cast-iron 
Tank, tin Bell, double Scale divi- 
ded into 5 sub-divided into lOOths, 
Balance Wheel working on friction 
rollers. Balance weights. Cycloid 
and weight, gun metal inlet and 
outlet Cocks, and three-tube Fres- 
^ sure Guage, warranted to give the 
same pressure during the descent 
of the Holder. The whole painted 
and accurately adjusted . . 28 
33c. — To contain 10 cubic feet; cast-iron 
Tank, tin Bell, double scale divi- 
ded into 10 sub-divided into lOOths, 
Balance Wheel working on friction 
rollers, Balance weights. Cycloid 
and weight, gun metal inlet and 
outlet Cocks, and three-tube Pres- 
sure Guage, warranted to give the 
same pressure during the descent 
of the Holder. The whole painted 
and accurately adju ^Q 

.-X: 27*6 Two last Jbr ' 
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PHOTOHETBIGAL TABLES, 

WILLIAM SDG6, 

ASSOC. IKBT. CIVIL SySlHEERS. 

POB FACILITATIKS EXPERIMENTS TO DETEBMKE 
Tim ai.UMIKATINO riiWER or GAS. 



Pilatod ca iatge Sheet, plkln, luimoiuited, 6a. ; 
uid TamiBhed, 12s, 



320. — In Book form, from 10 to 15 candlea . 
380a.— Dilto ditto 10 to 20 ditto . 



12 
14 



Exlracl firom "t/ouma? (^ Qaa Lighting,^ of Nov, AOt, 1862. 

" A Tery clnborate and nseful series of tables, for facilitating 
Calcnlations of tho results of pliotomctrical experiments, ha^ been 
coiutrncted find pnblishcd by Mr. Sugg. The first, or general table, 
b calculated to sliow llie vnluc, in standard candles, which a given 
quantity of gas bears to 1 caudle, buriuug from 110 to 135 grains 
per hour. The rest of the tables nre founded upon this one, and 
ATO nrraoged very conveniently. Tliey are twelve iu number, end 
arc divided into twenty-seven columns each, the first of which 
contftins the namber of cubic feet of gns consumed per honr, increas- 
ing in tenths of a cobic foot from 4'5 to 5'5. The heading to each 
of the other columns iudicatea the number of grtuna per bonr consumed 
by tbe sperm cjmdla from 110 to 135 grains; and underneath, in 
each of these columns, and opposite to the quantity of gas i-ccorded by 
the experimental meter, will be found Iho value, in standard candles, 
of the gaa burned at tho rate of 5 cubic feet per honr — sll further 
calculations being thereby rendered nnnecessary. The tables are 
moQiited on cloth, with roller, &d., and form a very necessary sppen- 
diige in the pliotomctrical room." 



WILLUM SUGG, VINCENT WORKS, VINCEB 
WESTMINSTER. 



FEIZE MEDAL.— London, 1862.-01088 13. 
(Photometers and Apparatus.) 



^ 



ELECTRIC ALAEUM. 

Notwithstanding the vory ingenious arrangement which has been in 
operation for many years at most large gasworlis, for preventing the 
mixture of air nith gas, by means of a buttcrfij valve and governor on 
the inlet of the exhnnster, it was still felt desirable that some farther 
precantioD sboold be taken against so serious a casnalty. Mr. Evniu, 
of the Chartered Gasworks, therefore, proposed to use an Electric 
Aiamm, which should ring a bell when the pressure or vacDnm on the 
hydraulic main osceeded a certain fixed limit. A stnall batteiy and 
alarnm, similar to those nsed by the Telegraph Company, are connected 
with an onunlar pressure gango. This gange consists of two cytiaden, 
placed one within the other, made of pure tin, the inner one being 
exactly the same area as the aunalos enrronnding it. Ojicniaga V6 left 
in the bottom of the inner cylinder so that the water with wbidi lhi« Is 
filled to a fixed line may raise it to the same level tu tbe a 
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Id like mftnaer any rusoaable uumber of bells may be attached ia 
<lIOi^r<Dt pusiiions, and be luiule (o ring by tbe sniDc apparatos. 

In tbuM cases wbere tli« bell is fixed fur from (he touches, one wire 
will b« lolKcwiit; tbe return win) to oegnliTe jiole may be pnt iu conlact 
iritli tLe uearcst gas pipe, vrht^ will conduct it to earth, and the nega- 
tive pole of tbo battery may be similarly treated; the elTect will bejnat 
tlio Mune aa if tbe whole Ictiglh of the wire nero laid. 



I 



List of iVf'ces. 

340. — Electro Ahumm, as described, japanned . .500 
341. — Battery for ditto, 4 cells in polUhed cedar case, cou- 
neclcd and ready for use, with covered attoch- 
menta . . . . . .350 

342a.— Alamnt Bell (Inrge) 1 10 

348.— Ditto (small) 15 

343. — Indicator to signal from retort to engine-house, 
" faster" and " slower," and touch piece with 

2 bnltons 3 15 

344. — Copper Wire covered with gnlla percha, per foot . IJ 

If rctinired, a workman can be sent to fit these 

IkIIb and apparatna for other pnrposca at per day, 

exclosire of lodging and rallwny fare . .076 

345. — Mahogany Touch, with ivory centre . .016 

868.— Strong Snipburio Acid, pure, 1-845 . per lb. 16 

306. — Blue Glass 8(upi)crcd Bottle for ditto, to hold 

10 lbs 



WlLLIAJa SUGG, VINCENT WORKS, VINCENT BT. 
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APPAKATCS TOE HXIGHISG THE FHOTOJfEZSlC 
STASDAED CASiBLE. 

" We 3K ^*d to notice ibit Ht. T. W. Eeitai, F.CS, h« a 
producing a tcij BKfid, **»*■—*. aaj ■■ ~ 
apparatus for >dekn^ the FfcetaMctne rHiihii Gud^ «kicfc w iBa»- 
tnted b; (lie ft^owfaig wMdot: — 




" This apt.aratus has been deBignod by Jfr. Kcatca especially to obvinio 
the ineonvcnience, and iH eome iiieasure tlio diffieuity, of n.ighiiiB llio 
standard candle iu oxperimeiita with Buneen's I'iiotouieter, wliitU i; 
have been exporicncrd by all who liavo !iad ocoaao" " '» 



'« Uiiit 



WILLIAM SUGG, VINCENT WOB.»" 
WEBTHIN8T 



PRIZE SCEBAIi.— London, 1662. — Olftsa 18. 

(Photometers and Apparatus.) 



Upoo tba Bnr&oe of the wftMr tliero is a float carrying a wire, pas»ng 
tbrovgii a IioId in the cover. This niro las a stad attached to it, 
which comes ia contact with touches, when the float rises and fulls to a 
BufEcient extent in the gnngc. The cover conusts of a brass plaM, 
iusolated hy means of gntta pcrclia or baked wood, and has attached to 
it n binding screw, to which a wire from one pole of the battery is 
connected; the ytire from the other pole boitig connected throogh the 
bell instmmeut, to a similar binding screw on the external cylinder. 
If this gangc, so fitted np, he connected to the hydraulic main, the float 
will rise or fall according lo the vacuum or pressure; and npon the 
Btnd coming in conUct witli either of the touches, the circuit from the 
battery belug completed, Ihe bell will ring violently aiitil the engineer 
lias adj Dated the exhauster. 



Directions Jbr firing the Ehctro Alarum. 

Attach the inlet nnioa to a pipe connected to tho inlet of tlie 
exhauster. 

Take off the cover and half GU the tank with clean water. 

Connect a covered wire to the binding screw fixed on the tank, 
first cleaning the end which makes contact with the screw with a 
piece of glass paper or emery clotiu 

Now jom to this a wire (galvanized iron will do) and carry this 
wire {if not covered, talfing care that it tonolies no gas pipe or any 
iron or metal leading to tlio earth) to the rino or negative pole of the 
ballery. 

llnng up the 1:>e1l in the most convenient place so that it raay be 
heard. I'nt on tho cover of cylinder and attach a covered wire to the 
binding scroll' on it. Carry this wire to one of the binding screws of 
belt, it is immaterial which. Attach anotlier wire to the other binding 
screw of beil and narvy it to the positive pole of battery. 

Take out tho plales of battery and remove the einc plates oo cither 
side of tho wooden frame to wliich they dvo fixed. 
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Make a small quantity of solatloo of salphnrlc add (about half 
acid), and lay ihe pUles iii it. Pour into an earthenware plate or 
diah a atuall qaantity, aay 6 or 8 ooncea of mercwy, thon tnke ont the 
plates one by one, luid laying them in the dish, roil the mercnry over 
them on both sidca by means of a feather, tUI they present the appenr- 
aocc of eitver. If the mercnry does doC readily tabo to them, dip them 
ngnln into the sulparic acid solation till it does. When thoroughly 
coated all over, aland them np for a short time to drain, and nftcr- 
warda re-fix (hem to the frames, one on each side of the platinum plate 
ns before. Ktturn tlicm to Ihe cells conocctiog them together by means 
of the Blips of copper (first cleaaiog all the attacbmcots) la the follow- 
ing order: — 

1st cell, negative pole to zinc, platbam, or positive pole, to zinc 
of 2nd cell, positive pole of 3nd cell to negative of 3rd, and bo ou. If 
two positive or two negative poles are connected, no cnrrent will go 
through the batttery. 

Having then prepared the battery, proceed to fill ap the cells with a 
solution of sulphuiic acid, specific gravity, 10C5. 

Fix. the brass contact stud on the wire, and adjust the tonches so 
that the bell shall ring at the desired amonnt of pressure or vacunm. 

The whole apparatus will now be iu order, aiid attention to the zinc 
plates (rpsilvering them in the manner pointed out above) about once iu 
3 or 4 months, according to the amonnt of work the bell lias to do, will 
suffice lo keep it so. 

Should the bells get ont of order ao that the armature sticks to the 
magnets when contact is raado, take hold with a pair of pliers, of the 
centre, from which the armature and hammer vibrate, and by gently 
tiu'ning it a little and sci'ewJng up the nut at the back (which sometimes 
beoomea loose by the continual rapid vibration of the hammer), tie 
proper distance of the armatnre fi'om the magnets may readily be found 
and the bell made to ring again as before. 

It is imitortaot that the nut before spoken of bo screwed up very 
lightly. 

WILLUU Btrao, VINCENT WOEKS, VINCENT STREET. 
WESTHINSTEB. 
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bkluLCt pomted at zero of the scale, and that at wtuch &e cuidle i 
flxtingnUbed, noted- The candte-holder ia noir again lowered npon 
knifc-«dgcs of the ba}Bn<», and weights arc placed in the Diiall scale-) 
S, hanging l«low the candlivholdcr, until the balance once more tm 
ThcK weights represent eiactlj the quantity of eperm consnined 
the burning uf the caodlc, the hour't conEBmptioo being, of oouk, i 
quoslion of projiortloa Befeiring to oar woodcut, B ia the soppcot ftl 
centn.- knifiMidges; C, index, with scale D; F, knife-edge at eztieinit;; Q 
reat for balance during the eiperimcnt; H, candle; I, case for candle; li 
fteel projectioni, bjr which the candlc'caae ia Goapended on fcnifc-edge^; M 
\tnsa rod, to which is attached the small scale-pan S, and balance wdght 
P P, portion of the end of the photomelei^beun; Q, support to ditto. 

" Mr. Keat«s, as &T as hia ezpcrienco of this little apparatiu In 

extended, finds that it entirely docs away with the troablesome aa 

tmsatiH&ctoty weighing of the candle by the usual method; and if It i 

wianged, b« it can very easily be, with a moTeablo cover to &x otbt il 

F Modle nor balance need over be removed from the photometer, and tb 

I vholo instnimcDt is then always most conveniently ready for nse. 

" We may add that the apparatus we illustrate is manufactured by Hr. 
Sagg, of Vincent Worits, Yincent Street, Weetminster." 
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PRESSURE GAUGES. 






346- 


-DimI Exhauster Gauge, showing 5 iiichca T-acnnm 


£ .. 


A 




■ud 15 iuclice iireesnrc, 12-inc!i dial 


3 





347.- 


-Dial Kxhaiistcw miule to order, with large 
mmwd dials, black and gold or white and 
uikck, any siic up to 48 inches presanre , 












348.- 


-Ditto, ditto. 3 inclies ijrcssure, 4-inch dial . 


1 10 





348a. 


—Ditto, ditto, 6 inches pivssnro, 9-iDch dial 


2 12 





348b. 


— DiUo, ditto, 12 inches prcaaure, 9-inch dial 


2 18 





34Sc. 


— Dillo, dJKo. showing 20 inches prossore, to 








match Vacuum Gungo .... 


3 





All H. 


ahov* an ipiVA engiarrd glasi dials, which can he 






349- 


-Small Registering Pressure Gange, 27 inches b^ 
18 inches, to show 2^ inches pressure, tcnihs 








actual size, with clock, complete 


8 10 





34Ba 


— Dillo, ditto, to show 4 inches of prcsiuio 


9 B 







Pressure Pajwrs lidiographcd for ditto, par 500 . 


1 10 







Printed ditto for ditto, per 500 .. . 






349b 


— llegisiering Pressure Gauge, to show 3 inchca 
jii-essore, enlarged scale, tenths abont treble 






349c. 


size, with 8-day clock, complete 
— ncgistoring Exhauster Gange for clean gas, 2 


IS 










inches »acoum, and 4 inches pressure 


18 




Pajiers lithographed for Pressure and Exhauster 








Kegistera, per DOO 


2 2 


a< 




Printed ditto for ditto, per 500 .. . 


1 10 





348d. 


show S inches pressure and 2 inches vacuum, 
with Cast-iron Taukj Deep Seal, to stand 21 








in air-light case, coniplolc .... 


22 




349e.- 


—Ditto, ditto, 4 inches vacuum, 2 inches pressure 


22 




349f.- 
WILL 


-Ditto, ditlo, in lir. 1w\:i .... 


20 


F,J 
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£ ., i. 
B49g. — BegistorJDg VBCtiiiin Gaage, laches actual vize, 
r 4 inches pressure to 2 incbes vticanm . . 9 10 

I Lithographed Papers fur diito, per 500 . . 1 15 

I Priaied ditto for ditto, per 500 

||60. — Inspectors' Pocket Gauge, improved form, fitted 
' in case, complete . . . . . . 1 15 

SSOa. — Small ditto, fur waistKUat pocket . . . 1 15 
6. — King's Gaage, very delicate, to shoiv the one hundredth 
of an inch pressare, with enlarged scale, grada- 
ated to l-tciith pressure . . . . 2 10 
6a. — Glass Case for ditto, 2 glass eides and front, in pine, 

stained blacb and French polished . . .15 
361. — Piwaure Gauge, mounted on board, with raised 

naoulding to protect gloss, 6 Inches pressure . IS 
S61a. — Ditto, ditto, 12 inches pressure . . .10 

k^lb.— Ditto, ditto, 24 inches 15 
I Works Pressure Gauges, with scales, complete, 
I . ready for fixing : — 
^2. — 6 inches pressuie 12 

S62a. — 9 inches pressura 13 6 

362b. — 12 inches pressure 15 



All other kinds of Press^ire Gauges la order. 
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Scientific men in coanexioa with Gas Lighting haro been long 
ire that the amonut uf light obtained generally by the public for tha 
^ Uter consnme, is very little more than half the illnraiualing power 
i*Balty dbtaioablo from the same qnoiitity of gas when consnmed by the 
lefGcial gas testers, for the pni'pose of rcportiog upon ita value as aa 
JJIuniiQ&titig agent. Tlius, accoi'diDg to the ParlLnmentary gtandartl, all 
gaa Bi]iq)licd iii London muat be of such a quality that 5 cubic feet j 
eonsamed in oae hour, through an Argand barner with 15 holes (Fig. B ] 

Engraving), shall give as much light as 12 sperm candles, each 
candle consuming at the rate of 120 grains per hour. These cam" 

sold as best sperm caodlcs, six to the iwuiid. Now, aa the qnality 

,of Ibo gas supplied in Loiidou averages — according to Dra. Letheby, 

Sarclay, Vining, Wbitmorc, flillier, and other official testers for the 

different districla of London — common gas, H candles; cannel gas, 

candles; U follows that for every 5 cnbic feet consumed, a light 

.ought to be produced equal to H spciTii candles for common and 22 for 

ind gas. That this is not the case is fdlly apparent, and the reason 

(hat the buniei's through which the gas is consumed arc not sufficiently 

'ell made to develop the illnminnting power of the gas. Abundant 

.^erimenta in this country, performed by the highly scientific men 

above qnoled, and, in France, by Ktessrs. Dumas and Regnanlt, have 

saUsfiutorily demonstrated that it is possible to consnme a given qunntity 

of gaa through two differently constructed burners, each bumer con- 

Btiming the same quanliiy of gas — one developing the full illnminatiug 

i'-poirw of the gas, the other giving only bent, but no light 

Tbe series of burners here introduced are constrncted with a view, 
ind arfi guaranteed to give the greatest amount of light for the gas 
Goniiuned, and Iherefore the minimum of heat for the Illuminnting power 
rajn&cd. 

The malerial of wbicb tbey are composed is unalterable by beat or 

ip) and therefore they will continue in good order for many years; 

lehave been in use for moj-e than ten years without being damaged 

in ibe least. Tbe excellence of their workmanship ensures well-shaped 

flames and peifect combustion. 

Dr. Letbeby slated iu evidence before the Committee of the House 
of Commons, that these Burners are tho best in this country, and they 
g used for consumers and testing in almo^ nviur country, where gas 
used, hi tbe world. 
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tW nj, tlw tenoi of lighting and eitingaiBhing b«ing knoiva, it is 
Mcontelj detcnoineil hon macb gas is burned. The ligbtiug authuritiei 
appemr to b« mtieiied that the; get the quaotit; of gas they pay for. I 
th^k yon can wrire at the conmuaption by icgalator more nearly by com- 
puteticpD than by the av crsgc mct«r syrtcm, which is a matter of compnta- 
tion BDil calculutioiL The system which we adopt is, I think, a more accu- 
rate mode of calculation than that of the aTeragc meter. The regulator is 
leu liable to get ont of order tbait the met«r. The regulators equali^o the 
■Diiply throughout, -whether the pressure be high or low, ae long as that 
pressure is aborc the point for nhich they arc adjusted, which ran be easily 
aMcrtaincd by the register-sheets which are kc)>t du{ing the night. I am 
quite prepared to say that a regulator is a good thing," 



TJu/oUoKing genlUmen Kaet alto slatal pubUcUf in evidenoe before a 
S«kel CommitUi ^ the Home of Lortlt on the Birmiiigham and 
Stt^ordehire Oai Bill, their opiniotis in the underTnenHoiMd 
ttrmi— 

Mr. Tom A. HfiDLsr, C.B. 
" The T^^ator ii a very perfect instrument in my view." 

Mr. Geo. Aitohrsoh. 
"I prefer icgnlating the quantity of gas to the burner by the well- 
known r^ulator, which you see in many of the lamps in London. With a 
good regubtor, all the lamps would bum equally whether they had meters 
or not." 

Mr. JoHH WiitiHo, Devonport. 
" I prefer the regulator to the double tap." 

Mr. G. W. .^BVENSOif, Halifax. 
" Tbo regulator is a »ine qua tion. It is theoretically correct, If it is 
set to hum Stc feet an hour, at a preewre of not less than five-teatht or 
any other pressure, it will burn ttiat eo long as it keeps in order." 

Mr. Thomas Pkobd, Wolverhampton. 
" The introduction of Sugg's regulator would be deuraWe when a 
Lighting Committee have the regulation of the public laibps," 

WILLIAK sum, TIKC£irr WORKS, VIKCEKT STKEBT, 
WXSTKINSTEa. 
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DRY GOVERNORS 

In Caat'IroD, sniuble for billj diatricti, &£., wiib lU naglMdt iIm 
wliole smnged so that thej m^ be boned ia tbe read, wb«r« timf 
will work wiihottt ittentioii tCui baring met been • 

B7 the use of these lastrnineDla, whidi an » 
may be inEUDtaioed at one nnifonn nd i 
district which would otherwUe t>e liable to BTupce— re it aR timm, 
mon especially when tbe dnsg^ ifea At tuim bi li 



i Price List— with Trap, A«., 

£ #. 4. 

3-iDch Ht 6 

4-iiich , SO 4 6 

6-bcli $400 

^B 8-iiicb 4A09 

f lO-iMb M«0 

I IS-indi ,MrOti 

18-iK* «4 6 



WILLIAJt 5UG0. rnCEXT V4SJU, ruooFT Ml 
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WILLIAM SUaG, 

QA8 ENGINEER, 

vxjojuiT woBxs, ynrcEHT stbeet, westmihsxeb. 



SPtRnnfiutttrtr of— 

stjvtion meters. 

station goveenoes; 

DRY GOVERNORS, 

FOR REGULATING PRESSURE IN MAIN UNDERGROUND; 

CONSUMEKS' DRY GOYERNQRS, 

FROM 1 LIGHT TO 300 LIGHTS; 

LAMP GOVERNORS; 

EXPERIMENTAL APPARATUS; 

BURNERS; 

^j^ofoimtrua;! nnloi €^tmunl apparatus for <Sa« 

^mtim 0f nil hmtr». 



_i 



